U.S.S.N. 09/412,947 

orieinally filed version. 

J rorrpct an inadvertently made, , 
obvious error in the first entry ^^^^ 

"""""■"7 „ 

which shows the sequences and SEQ lU Nu:,, 

the experiment. 

^„.nonew.a«e.Hasbeenin.oducedby.hesea— 

2001 have been overcome and are withdrawn. 

^pphcar^tac— d,es.ha.he.orm.«shaveheenapprovedby.he 

Draftsperson. 

. ,,™»HHressed individually below. 
The outstanding rejections are addressee 

I Clams 1-33 are enabled by the specification as filed. 

• 1 33 stand rejected under 35 U.S.C. § 112, first paragraph, as not being 
Clatnas 1-33 stand re,e ^^^^ ^^^^ ^ 

er,abledbythespecincat.or.as«.^ 
and 22 is moot. Applicant respectrui y 
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data 1 is directed to a method for i^biting proUferatior. of cancer ceUs 

■ • >n the ceUs a first agent comprising a synthetic, modAed 
..pris^ga mmrster-^^^^^^^^^ 

oUgonucleotrde complementa^. to a ,,„a,e having from 

ted Lup Wherein the administering steps may be performed 
an enumerated group, where nther independent claims are further 

simultaneously or sequentially in any order. Other -^epen 
directed to a pharmaceutical composition and a method for treatmg cancer. 

,,eOff.ceActionstatesthatthespecification,whilebemgen^ling.^^^^^^^^ 

,,..entofcancer.apatient»„^^^^^^ 

person Skilled in the art to wh.ch.tpera.^to^^^^^^^^^ ^^^^^^ 

with these claims. Applicant maintams that the specit 

claims. . , 

The Office Action further states that the instant application does P^';*^ 
.JnTelmentforoneofskiUinthearttopracticethefulU^^^^^^^^^^ 

,.ntionwithoutunduee.perimentation.(Offi.Act..P^^^^^^^^^ 

„.erooM— 

variationsinse<,uence,length n^^^^^^^ 

by the present invention, it is likely that the P 

165 oUgonucleotide are not representative of all ol.gonucle 

J invention. (Office Action, page 4) Applicants respecthiUy disagree. 

M P E P § 2164.01 states that 35 U.S.C. § U2, first paragraph, "has been ^ 
■ »h,t the claimed inventionbe enabled so that any person skilled 
interpreted to require that the claimeo 
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rage u 

i„ the art can n>aUeanduse.heMven«on Without undue expe«tion/'^ 
:l^u.he.states«,atn«he.act.atexpe— on^yhe^.^^^^^ 

rcessarilyn.a.e.undue,«ehea.typlcaUyengasesinsuchexp^^^^^^^^ 
MrEp/2164.02statesthatnaln.-n.^.oo.i«»»ani.aln>odeIexan>p:emthe 

rpXL.ine«ec..constitutesa«exa.pIe...hatexa.ple— 

dUsedo.data>ed.ethodinvention ....Inthis.ega.d,theissueof — 
aldependentonthestateofthep.o.a..h>othe.wo.ds,ifthea..ssuch*^^^^^ 

;tJa..odeUs.co^.edasco— s-speaac.^^^^^^ 

a. 

art and the enablement requirement, this section 
provides evidence as to the question of predictability." 

AppUcantsub.itsthatoneofordinarysldllintheartwouldknowhov,to 

determire«ectiveantisenseoligonucleotideswithoutundueexper— ^ 

mpleMilneretal.(N.„.B..c«o«,(m7)15:53^^^^^ 
Appe! X A) demonstrates "a combinatorial technique that allows simultanec^s 
rltlnpossibleOWstoligonucleotidesWUKmag.^^^^^^^^^^ 
.quencesopentoduplexlormation .Auolisonucleot.^^^ 
.^bero.ynthesisstepswh„ 

in the region to be targeted. (pag^^S^ ^^^^^^^^ ^^^^^^^ ^^^^^ ^ 

which give high duplex yield on the ar a prove 

vitro RNase Hand translation stadies." (page 537) As stated mlh 

...provideasimpleempMcalmethodofselectingeH.^^^^^^^^ 

oligonucleotidesforanyRNAtargetofknownsequence. "^^^ J ^ 

.tLation,Applicantsub.tsthatb_^ 
the art would be able to determine effective antisense o g 
experimentation. 
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Page 7 

Miiner et al. also state that "hetroduplex yield on the array correlated well w.th 
. . t;rloc.Ucultureantisenseactlvities/'(page540)Milnere.al.d.cussesa 

:ZcrMleta....«.M*«a.e).^^^^^^ 

B) whichidentiHedanar>tiser>setahibitor,ISIS5132.(seepage669) lSIS5132was 

' TZl^v "very potent inhibitory effects" in vi« (page 671) and was one of the 
found to display very poten ^.^^ 
antisense inhibitors that inhibited expression of C-ra/m cell cu 

antisense ini antitumor effects against 

S79^ This antisense inhibitor was also found to snow m 

672) imsantise viilner et al conducted a blind experiment, 

two additional tumor cell lines, (page 672) Milner et co 
e f l^ganalysisonascanningarray thatpic.edoutISIS5132asoneof two^^^^^^^ 

;lgoigonucleotidesinaloabregionaroundtheohgonucleotid.(pag^^^^^^^ 

Puhermore,asdiscussedindetailbelow,manypublishedar 

::Leoligonucleotideshavebeenshowntobeeffectivethere..tl^^^^^^^^^^ 

.he specification showing enablement of the invention with respect to one 
::g::c.eotide...oshouldbeenablingfortheotheroUgonucleot^^^^ 



by the claims. 

Evidence from Galderisi et al. (/. CeU. PHysiol. (1999) 181:251-57; attached hereto 

suchcompounds havesome therapeutic efficacy, includtog their use as antiviral 

agents. 

Inaddition,Agrawalstates,atpagevofA.«l>^.(S^^^^^^^ 
1 H M996 (cited pages of which are attached hereto as Appendix D), that 

tei: ^^^^^^^^^^ 

3 In atantiLoligonucleotideshavegoodbiologicaUctivity,pharm.^^^^^ 
;Imaco.inefics,and safety bothin Vitro and in vivo,and they are currently bemg 
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evaluated in human clinical trials for treatment of viral infections and cancers, 
Zamecnik (also Appendix D) states at page 6 of the san^e book that the synthetrc 

antisenseoligonucleotidetechnolosydisplayspromisingresultsincell-freesystems, 
Hssue cultures, and animal models and is at early trial points in human testmg agamst 
mV, leukemia. Herpes virus, and other diseases. 

Craig et al. (Exp. Opin. Ther. Patents (1997) 7:1175-1182; attached hereto as 
Appendix E) teaches at page 1177 that once a modification to the oligonucleoade 
backbone "is found to confer a favorable characteristic, it can then be used in 
oligonucleotides having different sequences of nucleosides and, thus, provide utrhfy for 
the treatment of other diseases" as weU as discussing information regarding the 
patentability of antisense technology. 

Furthermore, Monia et al., discussed above, states at page 668 that the authors 
demonstrate that-treatmentofhumantumorcellswithappropriatephosphorothroa^^ 

antisense ODNs leads to specific inhibition of C-«/gene expression in cell cu^..re 
i„ „™ Moreover, antisense-mediated inhibition of C-m/gene expression in human 
Ircellsresults.potentantiproliferativeeffectsincellcultureandp..^^ 

activity in As discussed above, this article identified an antisense mh^brto . ISIS 
i ( eepage669). which wasfoundtodisplay-verypotentinhibitory effects- . 

^^age tl) i antisense inhibitor was found to show in .i.o antitumor effects agamst 
two additional tumor cell lines, (page 672) 

AS stated in the Amendment filed on March 26, 2001, Examples 27. 28. and 29 
(pages 90-95) as well as Figures 16, 17, and 18 of the instant patent application provide 
examples and data indicating thatthe claimed —ndoesworU.>..»om^^^^^^^^ 

accerled animal model. More specifically. Example 27 indicates that HYB 165 mht :ts 
,„orgrowthafterintraperitonealororaladministrationinmice. The data for t^ 

experiment is presented in Figures 16A and 16B. Example 28 indicates that oral HYB 
165 cooperatively inhibits tumor growth and increases survival in combinat.on wrth 
.xol. DataforthisexperimentispresentedinPiguresl7Aandl7B. Example 29 ^ 
indicates that the cooperative antitumor effect of HYB 165 with taxo, is accompamed by 
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THs^oche^^calanalysU. Oata fo. tHs expe.in.enHs p—a i. the table . P.gu.e 
18 Addi.ionalsupportforthei««.ouseomemethodsandpharmaceut.cal 
con.posiaonsoftheinvenHonisfoundinthedescriptionof.hefigu.esm.he 
3peL«ona.page.0,.ines«.. .uttKe.suppo.fo.thep.efe„e dosas^^ 
c,.otoxic agents and oligonucleotides is found in the specif.cafon at page 27, l.ne 
page 28, line 14 and page 29, line 8 to page 30, line 10. 

Additionally, Example 10 indica.es that a single dose of RI, antisense, hybrid, or 
invertedhybrid oligonucleotide was tested by injectioninto the right flankofathynuc 

IpreviU— edwithtun.orcellsandtun.orvolun.es were obtained, (pa e 
:Z25topage5Mine20),andtheresultsareshowninPigurel.Thus,it.omonly 

HYB 165 that was shown to work in vivo. 

rue specification also indicates that in vitro experiments were performed 
analyzing, inter alia, the effect of inverted hybrid or inverted chimeric structure on 
oligonucleotide-mediated mitogenicity (page 50, line 16 to page 52, line 6) and to 
aeLine the ability ofinvertedhybridoUgonucleotides and inverted chm.nc 

oligonucleotides to activate RNase H in vitro when bound to a complementary RNA 
molecule (page 56, line 4 to page 57, line 28). 

TT^ese teachings clearly indicate that the specification enables the claimed 
invention for both in vitro and in vivo use by providing supportive data indicating 
in vivo use of the invention has, in fact, been achieved. 

Based on the information provided in the published references described above, 
.hedatainthespecificationindicatingthatHYB165(SEQIDNO:4)andother 

Xlucleotidese^uences were showntobeoperable. ...and the d^ 

.her oligonucleotides were operable in .itro. Applicant submits that: ( ) at leas, one 
oligonulo.ideworlcs,«.i»(andinfac.more.hanoneoligonudeotidehasbeen 

shown to work in v.vo, (2, because there is a correlation between in v,ro and ,« v.o 
11, there isareasonableexpectationthatantisenseoligonucleotidesshown to work 
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,„ .uro would .^so be expected .o woA in 0) « would not re,u.e undue 
expe— tiontofindotheroUgonucIeotidesthatwouldbefunct.^^^^^^^ 
Ld(4)dai.sonIycove.ope.ab.ee.bodi.ents,a.dasstated.MP.E.Pim^ 

^LJuIpredictablea^tstApplicant submits .KattMsa.isno>on,e.^ 
::LoJo,eve,yope,ab.especies.not.e,u.ed."Wo.e,appbcantsub^ 

that the specification enables the scope of the claimed invenhon. 

Office Action further states that the instant claims read on a method wherein 
..eoligonucleotideoftheinvention-consistsessentiallyofthenucleotidese,^^^^^^^^^^ 
orthi!sEQIDN0..4,"andthatitisunclearwhatotherse<iuencesareencompassedby 

;::iansua,e.Applicantnotesthatonlyc.aims3,U,and.4includesuchlan^ase. 

Applicant also notes that this language was used in issued claims m a paren 
application, U.S. Patent No. 5,969.117 (attached hereto as Appendix F). AppUcant 
:blth:ttMslanguageisc.earbecauseitindicatesthatthenucleotidese,uence. 

that sequence set forth in SEQ ID NO: 4. 

Therefore, Applicant submits that in view of the foregoing remarks and the 
.eferences submitted, pendingclaimsl-20and 23-33 areenabledby the specificahon as 

;d.Accordingly,AppUcantrespectfuUyrequeststhatthereiec«onofthesecla.ms 
under 35 U.S.C. § 112, first paragraph, be reconsidered and withdrawn. 

CONCLUSIONS 

in View of the arguments set forth above. Applicant respecthaUy submits that the 
rejections contained in the final OfflceAction mailed on,une20.2001.havebeen 
oTercom^and thattheclaims are incondition for allowance. IftheExammerbl.es 
:h:anyf:rtherd,scussionofthiscommunicationwou,dbehelpful.she.smv.tedto 

contact the undersigned at the telephone number provided below. 

Applicant encloses herewith a Petition for a One Month Extension of Time 
pursuantto37C.P.R.§1.136. to respond to theExaminer'sOfficeAchonmarledonJune 
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„f r,^ riR n219 is to be charged the $55.00 fee for this 
20, 2001. Our deposit account no. 08-UZiy is to oe uia ^ 

purpose. 

Applicant also encloses herewith a Supplemental Inforn^ation Disclosure 
Statement. Please charge Deposit Account No. 08-0219 the $180.00 fee for this 
submission. 

No other fees are believed to be due in connection with this response. However, 
please charge any underpayments or credit any overpayments to Deposit Account No. 
08-0219. 

Respectfully submitted. 



Ann-Louise Kerner, Ph.D. 
Reg. No. 33,523 

October 17, 2001 

HALE AND DORR LLP 

60 State Street 
Boston, MA 02109 
Tel: (617) 526-6000 
Fax: (617) 526-5000 
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CmssrRefei^nceioRe^^ 

This application is a noR-provi^ionai 
This app ^^^xication claiming priority from 

continuation-in-part application 

O.S.S.N. 60/103,098, filed on October ^'^^^^'^ 
U.S.S.N. 09/022,965, filed on February 2 1998^ 
is a continuation-in-part application of U.S S.N 

/532 979, filed September 22, X995^..hi.h^^M:^ 

.^r-^- ^nplic -il-1— TT.S.S.JN. i - _ 

n, iq95. issuprl f^h TT.S. Facen 



First entry in Table 1 at page 22: 
,64 GCG TGC CTC CTC ACT GGC A^tisen^ 



Heading at page 36, lines 26-27: 



Tn vitro 



XQiml^ment_AcUvaUorL_S^ 



Paragraph at page 58, line 25 to page 59, line 20: 
LS-174T human colon carcinoma cells (1 x 10^ 
eells) were inoculated subcutaneously (s.cj into 
the left flanK of athy^ic mice. A single dose of 

hvbrid (Oligo ^ 165. SEQ ID N0:4), 
RI„ antisense hybria ^uiiy^ 

inverted hybrid (Oligo X66, SEQ ID ^ ■ « 
;nrX^otide. or control oligonucleotide 

oli o xel SEQ iD«o = 7,. olieo «^'-Yi: : ; Ig 

Oligo 188, ISEQ ID N0..3)f as shown rn Table 1 (X .g 
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per 0.1 ml saline per mouse), or saline (0.1 ml per 
.ouse), was injected s.c. into the right flank of 
mice when tumor size reached 80 to 100 mg, about 1 
week after cell inoculation. Tumor volumes were 
obtained from daily measurement of the longest and 
shortest diameters and calculation by the formula, 
4/3;cr^ where r = (length width) /4. At each 
indicated time, two animals from the control and 
antisense-treated groups were killed, and tumors 
were removed and weighed. The results are shown in 
FIG 1 These results show that the size of the 
tumor in the animal treated with the inverted hybrid 
oligonucleotide 166 having SEQ ID NO: 6 was 
surprisingly smaller from three days after injection 
onward than the phosphorothioate oligonucleotide 164 
having SEQ ID N0:1. That this effect was sequence- 
specific is also demonstrated in FIG. 1: control 
oligonucleotide 168 (SEQ ID NO:^ 5) has little 
ability to keep tumor size at a minimum relative to 
the hybrid and inverted hybrid oligonucleotides. 
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cSnatonal oligonucleotide arrays 

, Kar.m U. Mir, and Edwin M. Southern* 

Natalie M.lner, Kahm u- ,^^.hcr(^m.n-tm,moch.ox..cMyy 

r.«*iv.d 14 February l9S7:..c«p.d 2. Aprin997 

?S 122 Ls«s o, -'^"^^-a^^^eCo^^^^^ Anf.sense -^jv^J^, ^^^^^^^^^^^^^ 

or.9onuc,eot-.des ga- ^^^^^^ weU wit. y.e.d of ^^^^-^^^f^, "".f^, Zl.^^^ o.igonuCeotides. 

and by .n vitro translation, c commonly experienced m the ° . ^ Cve times 

sequence. ...-ucuto 
^,^crd. .,n<.cn., oUsonuclccC.d.. op-.i...-c. .r.. ..o,.d.. v .... 



ofgcne function. It aUoof^enanUcn ^^^^^^ 

niqaes in the °^ ^Je concept Is appealing: The 

emerging from S^"<^'"\P^<'';" "J be used to down-reguUtc 
rcagcnc. .re re.d.ly ^V^^^^J^-^'^/j^tvrsea^^^^ Oligonucleotides 
,he e.presMon of any "^-"^^^f "^^^^"^ ^iscs apart on the mRN'A 
(ONs) targeted to sequences only a tew o 5 f j^t^^aion 

U give r.e to qt.Ue ^.'f^-;; ^.t^^ed in p.t. by their 
hecween target and antncn.c ^l^^^^''^ ^ predict'. 

r:;?:s::ttno^etci.s^n.~ 

empirical approach '^^""-"^^^ "IV.t^ I'l^ tumour necro- 
rcported a study of 37 ONs targeted «6""« "^^"^ synthesised 
3if factor.a^ Each °''SO-c eot^^ ^^^^^^^^ ,00 
and evaluated ustng a S-^l-l^^^^ ^^f^" ^^J^^^^^^ genes of 

different 20-niers were synthesized, taCaeiin^ 

v,;n,Tnri'.l technique that allows simulta- 
We demonstrate a , given region identi- 

neous assessment of all possible O' "^J^™"^ = oligonucleotide 

''Tvt foil's i«,r™...»U, b.s. p.imS2»-^^^^^^^^ 

RNascH and translation studies. 



Results tinder conditions close to 

Hybridization to the scanning array^U^ ^^^^ 

equilibrium, hybrid yield ^ detectable 
across most of the ^^'l^^; S-^^^^^^ JS^rha. almost half 
hybridisation to "^^^f^^^l^l^^,:^^^^ S-^ ^igh 

of the region sca.nned by the J^^^ .^^^ ^ ^^^^^es C46-C60. 
duplex yield, a l5-base ^'^'^^.'^F ^^^g-mcr and three 17- 
This sequence is Jthe ' x he'erodupkxes w^s at 

least three times that ot any o^"" . downstream, ftn 

mcr selected by Cazenavcctal..locatdfivb^^^^^^ ^ ^.^ 

area of weak l^y^nd^^^^.^^^^^/^^^ ^d to be unpaired in the 

include bases C40-A44 -^'^ ^^Jjfj f b,V dete ^ybrid- 
RNA (Fi". 2). Two other regions gave v<.e.iK ov^i u-:<. / 

^;:^src=^;sKma/heipto 

"trS^Sllfc around thestart^^ 
n.RKA over 60% of the 106 --fX;";;7,L3l on. SLx-t,-:tv.o 
duple, yields less :haa one '^'j^O;':^: ^'f the highest ,nd 
percent had an mtenbuy Icsi i'-!- ' ^ of the Kishesi 

,U but five had a he«rodup e.. j^eld o. Us.^ha .^^ 

y^eld. The-top three are derived from l aaS (Fi?. IB). 

Ttid the fourth is one base shifted starting « ^ , 
The fifth ON (in the 40% to ''>^/;;S^j;; ^^^y ^^^^ 
base C94: the beginning 0 DNA of the 

In contrast to the resuU w.h ^^NAj^smg^^^^^^^^^^^^ i,,,.,olecular 

same base sequence yield to most of 

bonding than RNA, hybridized ^-^^^^^^^ ^ J . of the 

the array (data not shown). This result verme 

array synthesis. 

537 
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.V. Three ONS, WUn dlUereiii- nO,„ U gssaV. BGl 

was comp;en.enury W bases C^^"" ^ , ^ore direct com- 
S 5-meT-, a length of 17 oases ho c 
';.V.son with Cazenave ^O^^^^^l BG3 CC85-U99. - 
oligonucleotide studied bV Ca«na^'= 

detectable hybridizacton (Ftg- \^.^^^p,,e the effectiveness of 
RN'ase H mediated cle-=S- ^o co-P ^ ,,,eleotidcs were 
BGl a.d BG2 at recrmUUS ^^-^^ J , ^nge of concentia- 

M to labeled ^■^^'^^ ' '^l^X^^ to ,uRNA. BGl caused 
uois (Fi«. 3A). At cqu,molat rauo ot ^^^^ g^l^ 

cleavage of 50^/0 of the " effects were obt^ned 

m the hisher <:°"«""^; °" J"/, of BGl as compared ^^uh BG2 

^^^S.ofreactioncouldbelt.uedbyhvbtidfor.ationorbv 



Figure 1. W "5' .^.-script to 

1-122. Tha two halves o 

• .„.r^t€d SQp'r»'oly and are 

Shown by J""'* E3,h histogram 
the center ""«• " on« 
repr«s«n« 3 sot °' ^f^,,). The 
length (shown o" i„te- 

grated intoos.ty ^^^^q^. and 

BG3. uocd in ^.^''^The osterisks 

"^"'^r".;on (see below). The 
sequences as comple- 
ments ot the ^^ 

core 15-nner son ooitvon 
eod v-rlttcn "'f =^,^oN is indi- 

='"1:'^g"Ts ho H9ht n,o« 17- 
catod. is-mer with 

;t"a::-^*ol,.on.c.^^^^^^^ 

"''f?r onTeacrot' which 
^rnSnt^a.n...aseatthe 

5' end. 



RHase H activity. BGl and BG2^were 
I . ,00:1 molar ^---^^il^t^ ^ For BG2. the reaction 
all of the transcript was cici 

, , ons of ON -squired to produce 50% inW 

^^^^^^^^^^ 



position and 
designation 



Hybrid 
yield 



Oligo 

coocon*"^''*" 



47-62 eG1 
51-67 eG2 
e5-99 BG3 



990 
192 
3 

28 
IS 



0.1 JJM 
0.5 (iW 

1 (jM 
0.2 IJM 

3 \iM 



Rartio 
concentration 

o\igo:Q-9>°t>''^ 



20;' 
40: < 
50-. 1 
750:1 



o/o Inhib. 
in WGE 

50% 
50=/o 
0% 
50%' 
50%"" 



RESEAHCH 



, , „;n only 42% of the transcript had 
:au was much slower-at 1 m m onn wa. 
been cleaved. The "^<=/'f "/^^ , f^p chybridlzauon of the ON 
lin^iud by »^''"°<i"P':?J;;3v;- product over that .«n when the 
increased the 7°^"\f tzyme'confuming the depender.cc of 
ON was added ion (data not shown), 

th. race on the hybr>dizauon «.c:^on l^^^^ ^^^^^ 

in virro transbt.on. ^0" °%^^a,d to in vitro transla- 
non and .fficacy as ). hi-.h concentrauons 

^ion in whea: germ .^d noaspedt-.c inhibition o. 

(10 ^uM). each ohgonuclcctid cius ^ inhibition was 

loth a- and P-S'°''-;,;"\Xd^^^^^^^^^^^^^ BG2^educ.d i: to 360/. 
ipccinc: BGl completely f Ji^^ion; BG3 had no effect on 
/nd neither ^^-^^^^ ^o. m concentration showed 

either p- or a-globin ^""''l"'..^^ needed to give complete. 

,hat for BGl the '^'-f;^'^^ ^J""^: b 0. 1 and 0.2 ^.U as 

specific inhibition ^^r SdaU no shown). 

fo off K-SCVo inhibition of translation. 

niSM.-u".r.ioii _ . rha^en as an antisense target 

The lesulnory -P " ^Though o be relatively open and 



p«sent) has shown that ONs targeted . to the cap region of this 
are relatively P^^^^^^^j^^^JJ^t^^^.y structure of the mRNA 
The sequence P'^f "^^^^^ gci particularly amenable to 
gWe few clues as to wh t m*u. B ^.^ 

duplex tormation (Fig- 2)- ^ ™" " , . . ^ut six bases of 
b/a cytosine. aag.caga. may t b.^- ^^^^^^ ^.dieted 
,his sequence are paired t. a c^^^^^^^^^^^^ ^^^^^ 

SS^SoLu:^;:^^.pr;se^c^hy.riasw^ 

gave only modest yields. increased by increasing the 

Duplex yield is not necc sarily n.rea e ^^^^^ 
length of the ol>Sonucleo:.de BG 1 IS * I a v 
IS-mer gives the "-'^y:^*^/^:?^ oligonucleotides give 
have found for other ^^^^^^^^^'^f , " .ifte that the longer 
higher yield than longer 0""^^^VaH-° which prevents hct- 
olfgonuclcotidcs have , "K^^^^^ is'inh.bited by 

^dlttre^r:ro^SoSol5^wKich cannot Tit into the 

.csions in the RKA which PXt ^nuc "a^fon, w^ -"^t have 
substructure "XZ^'^^^ ^^'-^ '"^^ ^""^'^ 



""";;.;"'v:; sn!;n .^ca. 3.ructu..i 
L;'^:;::h'hsh'ou.dno,.v...t^v.ndaa 

catod Tho critical bacc. G75, In tho 
poucrn o. hybrid;z.f.on-.3 marked by an 
.ir.toriok. 




1 pM (a 100:1 "lolar oxcess and «^^'';^" '^/^ 

Z ''"-so P-t;; 'lat-li" o< ne mBNA^ to 

BGl and BG2. 
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product ■■, — ■■ 

Exineleavage- ► : •• ; , ^ ,2 ,3 ,4 15 I6_n 

< 3 V S_6 7 S 9 U) _ 



ptoduct 



B 



2 S 



^ ibi iri 



piOJuCI 



1 2 



3 4 5 6 
— BGl©l<W••l— 



8 9 10 



!1 12 
- B02® 
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2 



2 
o 



c 
o 



-BGl- 



-H^BG3 " . in the presence otanU- 

tho tow:'' "'^ 



1000 



^5. and reduce m Un.^^ , j,,e, unpa.red 

structure Pt'^'""'" With thU base us 5 

base .1 '"^i °f ,b\e xo form a Stab < 

e.d. th< ON vs ^PP^'^/io ^lcns upstream of -t 
dupUx by VTding a base to the 5' end 

or removing the ^o-lP^? G75 may provide a 
eroduplc. yield <^^-^^^^^ particularly well coa- 

u V, ^liconuckotldes tethered at the.r 
U is likely that the ohso"«'^ 5. ^nd. ar.d 

3. ,nds would .uc ea. f^^^.^'^^^^^.-.o.. Mthough 
: behave differently from ON m 

,hls is . cor.cerr,. arfay and R>^ase H activ- 

• between hybrid yie d on ^^^^ ' ^^^ ,,ad on the array 
In .aether cell cukare 

: '.inelated v-U wi^H -n v- .nd ,n ^^^^ ^ 

eotlsense activities. Mon a ^j^j^^ f,, ^p, 

.othioate OWs --'^ ^J^.^e expression, and 
ahc i"^*Uion of C-r«n ^i S ^^^^ ^^^^ de 
found one, ISIS 5132. to o ^^p^.^. 
more effective than any /^s also shown 

in a "^-^wth^f umO« -sr.fced in nude 
10 suppress the S^O-'i*^ °' V""; ^ a seannmg 

^/.ce Jn a bUnd «P"=/^"^ f ' ^"J of the two high- 
r;..y picked out f l^sm i^around ISIS 5132 
yielding OMs the ONs covered by 

;br:r?^,£u;ot^w^^^-^^^°"°^^'''"" 

sense activity. ^ sttscepilbiUty of a target 

our results confi m 'h*; ' ^ J ^eatly from one 
RNA to antisense ^J'^j ^dicate that it is 

p«t of the sequence - -jj/ heteroduple.. 
determined by the P^^^^^'' ° ;cractloninthe5' 

Sites in the target are openjo ^ 
end of the P-globm "^^^j'^^^J.^s ^d in all parts of 
have done on -^''^J "^^^'^ „ch of the access, 
the sequence (data not shown). A 

ble sites very few ONs. or „oc predicted by cal- 

form duplex. T»^«V"J , difference between 

culaclons based on the r..^enag^^ 

the reactints-aa ?^^;- product. Our 

,uanded 0^'^-^^ tn^j^^^-^^^^^ ^ ea\Uer calcuU- 
cakuhlions were '^proven o incorporate 

,ons of StuU «; for RNA:D^^^ 

Hetcrooup.cx - - ..cently derived tree en y apparent 

. o< the 17-mcr heteroduptexe. 3c o« ^^^^^ duplexes". The plot for P'S'^^^^^'^^^^ ^f heterodu- 

ol/. taken from F.gur« lA. inc o( ^as"^; 5^ hotor odup ex , formation (^^S; ^" 

between the o^RNA and fro DNA ^^^^j^^^g ihc tQ'90 ''-^S the P 5^, .^ray (Fig 5AV ^ j^,^, 

,0G 17-mcrs. Tho values the target mRNA ■ ' ^ ^^^^^ Lima et al 

areas, but to pinpoint p -^a e ^^^^^^ 

individually ' "^-f. 
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octanuclcotide was enough to give specific antiscnse jctivUy. 

inc good candidates for .ntisense sequences by methods wh.ch 
arc not based on experimental measurements. 

m thod used in this study can be adapted to .ny an • 
lo.ue o^^svhich there is appropriate sol.d phase cnem.stry. it has 
beCused to make arrays of phosphorothioatc.2--0.methyl and 
ot^er derivatives. With other modifications, 'J ^^^^^ ° 

synthesis of peptide nucleic acid analogues (PNAs). It is clear 
S selecting oligonucleotides which interact well wuh the tar- 
ge has important consequences for their efficacy as anusense 
f.ents. For therapeutic agents th.s translates into enhanced 
!;ec,ficity and a reduction in dose, with attendant reduct.or^s m 
cost and toxicity. 



and stopped by th« addition of focm.midc (30%). £D I'A (0.2 M). For t.mc- 
coi-rse ««y^ a "0 fd reaction volume v^-is used. The produces were analyzed 
on > 6% denaturing polyscrybmidc gd. Qu;.ntiu-.lion ukJ Molecular 
DynamieslmagcQuintsofivarc. 

Jn vitro tranislation. Rabbit globin mRNA (0.3 ^g) was added w a irans- 
luilon mixture containing whcit germ extract, amino acids (SO ixM each), 
yotsi^lum acetate (100 mM) and olisonuclcotides at vinous concentrsiions. 
The reaction WM started by the addition of 15 (iCi »S mcthioniae ( 1000 
C.'mmol) and incubated for 2 h at 25°C. The final concentration of p-globm 
mRN'N in the reaction was 24 nM. Products vote analysed by ge! elcc- 
t'ophoresis on a IIS!, acrylamide gel ccr.taming 0.7% Triton-XlOO 3nd 6 M 
urea, in 5% acetic acid buffer using the netkod described by Rovcra et »>.•' 
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Experimental protocol 

brication. The array ... ,i. ,i 

(600 mm X 330 mrr.) wai derivatizcd with a covalcntly ^t^^^ed hexaelhyl- 



Array fabrication. The array was made as described". Briefly, a glass pUte 




oligonucleotides up to a maximum length of scvenieen bases. 
Oir.o.ucleotide synthesi.. used standard reagent, for Fho^Fhoran..d.te 
Chemistry, cmittint; the cappine *tcp. Synthesis was or. ^if/^'J^f^^ 
Biosys-crr,.-, (Fo..:er City. CA) 331 A synthesu.er. Deprotec .on of the array >n 
30% ,^mmoma solution was carried out as described'- in a specially con- 
structed nylon chamber. 

Hybridization to the array. Hybridization solut.on (';^ 7"° ^y";^'^- 
sized and »? UTP radiolabeled transcript (SO tmol). NaCl (1 M). TE (10 
mM pH S.C). SDS (0.01%) in a 500 ^l volume) was applied evenly along 
■he length of a glass backing phte. The plate carrying the scanning array 
W IS placed face down on top of the backing plate ensuring no air bubbles 
were trapped. The hybridization assembly wa:. placed in a sealed moist 
chamber, and left to hybridize for IS h at 30°C. The array was washed 
brieny in hybridization solution at 30°C. blotted dry and exposed to a 
storaee phosphor screen (Fuji STIII. Tokyo. Japan) for 20 h. The screen 
wa. scanned in a Molecular Dynamics (Sunnyvale. CA) 400A 
Phosphorlmaser. The analysis and quantitation of the image used xvjeq 
(data not shown). To analyze the resulting im.lg< a template comprismg a 
series of overlapping circles is pl.iced over the image (Fig- IB) and each 
reis defined by the template is integrated. Tr 



region within areas 1 



he Integrated 

..lu«' fi'preseni'the'lntensity of hybridization of each ON and are dis- 
played «$ histograms. The quantitation wis performed using xvseq. The 
array is symmetrical about the horizontal a.xis, providing a duplicate mea- 
surement for each ON. The array was Stripped of hybridized target by 
soaking in TE/SDS at S5'C to fiS'C, ready for reuse. 

Olig'oftucleotide preparation. Oligodeoxyribonucleotides were synthc- 
sised using an Applied Biosysiems 38 lA synthesizer with trityl 
on and purified using ABI oligonucleotide purification columns (OPC). 
Purity was evalu.ncd by analysis on a 20% denaturing polyacrylamide gel 
(l.\TBE, 1900V, 30niA, 1.5 h) after 5' terminal lab.:l!ing with T-i 
polynucleotide kinase and 7"P-aTP. The sequences of cligonucleotidcs 
used were; BGl 5'-atgcacc,utctgtctg-3' BGi >'-gacagatgcaccattct-3'BG3 
S'-acagggcaglgacesO'. , ^ .^k, . 

Preparation of labeled RNA tranicript. A double stranded UNA template 
carrying thcT7 transcription promoter sequence was generated using the 
RT-PCR protocol of Maniatis et using purified rabbit globin mRNA 
(Gibco BRL. Paisley. UK). The PGR product was purified using a Pharmacia 
(Uppsala. Sweden) Microspin column, and transcribed using the standard 
transcription protocol incorporating 20 nCi ot "P-UTP (1000-3000 
Ci/mmol). The product was purified by G2S Sephadcx column ehromatogra- 
phy. The molecular wei^t of the transcript was evaluated prior 10 hybridiza- 
tion by electrophoresis on a 6% denaturing polyacrylamide gel (LtTBE, 1500 
V.30 mA, 1.5 h). 

RJbonuelcascH reactions. Reactions were according to manufacturer's 
instruciions using 10 nM labeled in vitro transcript and various concentra- 
tions of oligonucleotides. The reagc.ats were incubated at 30°C and the reac- 
tion was started by addition of the oligonucleotide. Reactions were for 2 h 
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and maintenance o^goioxynucieotld^ "^f^^^^ progression in ce» 

phosphorcth,oa« ant-se^^^^^^^ ^.^^^^ ^^^^ ,«s.on ^Jent of human 

kinase to specifically ^ ^^^or xenograft mouse "^^^^J^' ^^cleoU^ led to 

culture and in v,vo, "^'"^ ^r^Jojphorothioate ^^^^'^'''^fXtTl^d in v.Vo at well- 
tumor cells with 3PP;oP"^;j P;;;P e expression in cell culture and 
specific inhibition ^f/'^"^ ''"'^n/odeoxynudeotide t^^^^"^^";^;,^ ..vo against a 
tolerated doses. f^^^'eW^Zr. and potent ='n«*"'^°//„^r^USanism of action 
antiproliferative effects " cej cu^ ^^^h an J"^;^"/^^^,^^^^^^^^^ targeted 

variety of tumor types ^h^^ J.,^ ,y suggest that ant.sen^e mn 

for these compounds. T^^^.^'J^^^jiderable value as ant.neoplast.c agen 
against CroM -^^^^^^^ Uumor types at well-tolerated doses, 

activity against aw.de spectrum 



cade- Substaaxial ^vid-ce W« a d r.a ^^^^^ 
in the development ^^'^ '^''''''^^^""J.c.d, has been Shown 
nancies. First, the MAP ''^""^"f '"^^Xediation of cellular 
to be essential for celluUt P^°''J«^"Ts^^^^^^ raf proteins have 
transformation by tnost oncogenes^ •^'^J^^^^^^^ 

been shown to be direct _,t^„ay^'. Because mi 

Action within the MAP ^J-^" ^^'^^^^^^ ,lan cancers- 
mutations are present m a ^^^^ Pxopom^^^^^ p.ove useful in 
novel therapies directed =^8^;" ^^^^^ u^^^^^ n^-«^'°"^ 
the treatment of '"^'^^P^f ,7°",Eo^m cells in vitro^' and 
;a raf genes have been shown to "^"^7'^^^,,..... pi^ally, ex- 
havc been associated -''^^'1? of Suinas messenger RNA 
pression of unusually high '^^^'^^^^ human tumors^', 
and protein have beer^ '^P^^^^^J'" "";j„\chieved in the identi- 
AUhough svgnifiCBnt P^.^S^ " ^« ^ ^^^^^ f.^^ors in the onset 
fication of gene products .mpU ated^^^^^^^^^ ^ 

or maintenance ot human ^^^J^^^fJ^ ^' ^^^ogenic effects of 
novel therapies that ^P^*:"'""^ 'fJ^T-f, Despite the fact 
these gene products ^".^^^ons ?o ant scnse'technology 

that a number of P<^^«"^'^' ^ fonal 'PP^°^^»^ '° 

have recently been reported '^^ ^'^^^'^ ^^^^ ^ent of a vari- 
drug discovery ren^ains very a tcact.ve fo^^^^^^^ 

ety Of ^;-"j:r:ct'T cSuy^^^^^^^^ -^^^ 

nucleotides, which act oy >f ototein expression 



gression of specific ^^''J^^^l^...^.^.^ of phosphorothioate 
m the present study, we t«t tne p ^^^j^^^ 
.ntisenseoligodeoxynucleondesODN^)^^^ 

and tumor P^^S^^V"" ' " stme that treatment of human 
xenogratt 

tnodels. we .^tisense ODNs 

,umor cells with appropnat P^«P^° ° ^^^^^ ,n c.U culture 



Son. f * the. 60* e.. 

human C-ra^mRMA, were of C-rafmRN A, wuh U 

ODNs targeted to the 5 -unttan5i<u 6 .a-^ewd to the 3'- 

,.,VH.M£0.C.NE,V0LUME2,.UM.r....)US«-.»^* 
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Pig 1 Reduction in C-raf 
. ^^-f im Wnase mRNA expression in 
o-Z.^^^S^^V'^^.^ / /// A549 Jung ordnoma cells 
. ... , following treatment with ap- 

propriatc phosphoroihioaie ■ 
antisense OONs. AS49 cells 
grown in culture were 
treated with the indicated 
antlsensc ODN (200 nM) 

analysis. ^ '^^'^^.XTNTrittLnse OOMs that were 
within the human C'^^f '"'^^A or * ^.presslon in cultured 

uated for their ability to '"'^'^'^^■ ^^^'g, ells following treatrr^ent 
tunor cells, t. C-^^^^^^^.f-;^ 'ooNs u g ted to c'rof mRNA. 
with P»^°^P^°^^!\'°:!nrva^t.us OONs at a concentration of 
cells were treated w,th the j^^^ yot analysis 24 h later. 

200 nM and RNA was P^«P« '^''^^^^^'^Tntage of the levels of C- 
C-ra/ ml^NA levels are expressea a v 

were analyzed, 

„, „,MA ».r,.«d ,> described in 

the authors upon requeit. 



S3: 



Oligonucleotide (5' to 3') 



untranslated region, the -^"^If^;^''^^^^,,,^ different ODNs 
gion. However, 't^^ degree of a« v^^^y exh^'« J C-rc/-tnRNA 

varied greatly. Most ODNs had ^"^^j; "^^^^^^^ ^ost potent 
levels. whcrcasotherscxhlMedmoder^^^^^ 

antisense inhibitor '^-'f ''j^^^^.^^i eg on of C-raf ruRNA. 
5132, which targets the ^ 

ODNS targeted to ^eg^or^s of ^^l^l^^^^^t.f rc^WK levels, 
the ISIS 5132 hybridi^auon " ^"^^^^^^^^^ ^ticubrly sen- 
suggesting that this -S^J^" °« 'I'^^f the ODNS desaibed 

™=^:::^Shrtu.orceiiu.3a.^ 



,.,der carcinoma. SW^SO colon c.c.om.^ 

n,RNA levels with ^^.V^'^^^^ ODN for reducing C- 

5132 was determined to be the most po ent ^^^^ ent 

r.^mRNA levels ned ODN analo^^^ 

studies, the effects ^l^^ll^^^ll^^^^'^^^ were also examined, 
of ISIS S132 (15-19 bases) ^ "P^^^, .igniftcantly less effec- 
^.ese short f^^ ,^^^^^^^ fo ISIS S132. Similar 

geted against the Ha-rns oncogene' . 

Specificity of ^'^^^^p^!;:" '^^^l^^ia^^^ effects on Oraf 

i:r:s:::r:rsrSsS32andamis 



Fig. 2 inhibition of C-rof kinase mRNA and 
pLin expression by ISIS 5132 .n A549 
cells. 0, A549 cells were treated with re- 
eling concentrations (25-500 nM) of ISI 
5132 (TCCCCCCTCTGACATCCATD 0 
mismatched control analogue of ISIS 51 
that contains seven base changes (mis- 
matches) within the 5132 ^eq^^"" f^^J; 
CGC£S;£iIESATCCATT) and total RNA 

was prepared 24 h later and anaylzed for C 
rofand G3P0H mRNA levels by noKhe n 
blot analysis, No T. indicates ""treated ce s 
b Quantification of C-rc/ mRNA levels after 
—ligation to C3PDH m.NA leves .n 



a 



IStfStlJ 



■if I — 





CelU w,re treated with COM at a concentration of 200 nM, p 
mined dc5cnbed In the Methods secl-on. 
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Fin 3 Target-specific inhibition Of 

levels lnAS49 lung caranoma celB 

'^aud with ISIS 5U2 ora m.s- 

^tc^ed centre. P-^^^^^^^^^^^^ 

ODM analogue of 'SIS^^";,^. 
iro\) ODNswereadm.n.st«edata 

24 h later, as descr.bed m the 
Methods section. Tf.e sequence 0, 

the control OON is descnbed.n the 
legend lo Fig. 2. 
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mRNA 
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. .V,. .oecUicity of inhibition of antisense 
TO further he effects of ISIS S132 oi^ exprcs- 

ODNs targete<l to ^■fj^'^^^C^^l^.a.i. The effects of ISIS 
sion of other "^l"^" "V^^^^^foDN on the expression of C-raf 
5132 and a "'^"^^^^^tSX ° mRNA .nd glyceraldehyde.3- 
mRNA, A-rarkinase '"^^^^^ "VDWrmRNA in A549 celU treated 
phosphate dehydiogena^e G3P^H) rn ^^^^^ ^.^ ^ 

Lh ODN at a '^^^^^^^ the ISIS 5132 tar- 

Because no sequence stmiunue^^^ x^^^^^ ^^.^^ 

«t sequence and seq"'^'^«\^"; " ^^ected lo affect e;cpres- 
?3PDHmRNA.'SlS5132w^^^^^^^ ar. 
sion of these """^^^.^.'I'^jj found to cornpletely eUmi- 

5132 or its mismatched control OON. 



legeno lo ny. — 

•n loupk were determined 
nol ODN on C-r.r -^^^'^^f.^^n:"; 5132 caused a dose- 
(Fig. 2). Treatment of A549 ceUs m ^ i^^^g a median 

L^ndenr "l" ^["'^Sr^^s Efeci of approximately SO 

inhibitory concentrat,on IJ« observed-m cells 

aM. ^0 effects ort CWmRNA ^P'«^ any of the 

treated with the mismatched control ^ ^ 
employed ODN -^-^'^ZT^'ioZafm^^ .eduaion by ISIS 

lished observations) ,„„m< (>80%) was also observed m 

inhibition of C-^P7"'" St g 2°)- AS seen for the effects 
/^549 cells treated vath ISIS Sl^-i t^ g. ' -^^ expression 

on C-«rrnRNA expression reducu^^^^^ 

by ISIS 5132 was """^"^^"'."twere observed in cells treated 
no effects on C-rn^protem f '^^qdN analogue of ISIS 
with a mismatched P^^^^P^Jj;"^;; of ISIS 5132 on C-rcf 
5132. However, ""^^m ^d^cS steady-state Crafpro^ 
mRNA expression, "^f'''^,' post-ODN treatment period 
tein levels required a relatively P^'j;, qdN 24 hours 
40 hours or greater) and a ^^^^'^^^'Xc^^ c-r«f mKNA 
ollowing the ir^itial tt«tm^ to nlam re ^ 

,,vels. These <^^^l^^^^,:i^Zn^^^^^^^^ 
human cell lines treated with ISlS 513Z. 

~ ' ~ t r //if 9nr"Kpnse inhibition by ISIS 

,g. 4 Ar,tipror,ferative e«ects Of C- 0 s nse ^^^^^ 

51 32 in A549 cells. ^^l^'^^'^'Z'^^^J''^^^ one time at time zero 
of ISIS 5132 in A549 cells. ^-'''^^^^T^Z^O^ analogue of 
200 nM ISIS 51 32 or a determined at 

ISIS 51 32 (described m F.g. 2) ^"^ described in the 

aays 12, 3. 4 or 5 ^^^^2^^:::^::^^., growth inhibi- 
Methods section), b, Dose-respo increasing concentra- 

t,on by .S,S 5132 (.)• Cells -J^ ^^J.^w determined 3 days 
tions of OONs at t,me zero, "^7p„,,„^ inhibition was cal- 

th« rr^ean of triplicate coWures w,tb error bars as -nd.cat 



^ ^ *r i-ofantisense inhibition 
Antiproliferative "/.^-[ssijz on cell proliferation, we 

TO determine the effects of ISlS 5U ^^3. 

matched control ODM at a co Treatment of 

determined cell number ^^l^^ll^^lZ^.^.o^ of AS49 ceil 
cells with ISIS 5132 resulted ^n."^/^^^;; ^ell growth was not 
proliferation over this 5-day P- f j f .fcellf with the mis- 
influenced significantly " ,,,, of ccU proliferation 
matched control ODN. Int««tmg Y, th ^^^^^ 
began to approach "-"°Ualue a" ^y^^ ^ ^ 

wiL ISIS 5132. This ° £'l\i, with the recovery of C- 

after ISIS 5132 ^^^^^^^^^^^^^l' Le-mediated degradation of 




^ °°" , 
0,y, (ollowlng or.go<ieo«y.ucl«ot;d. treKmen. 
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J,.o« -.n node 

neousVin ^^'^ 'L'A '^^^^^^^ of tumors, OONs pre- 
Methods section. Fc lowtngesub^^'^^^^^ j^^,^ 

pared in saline solution and tumor size was 

fravenou. iniectlon J^^J^ H^uud over a 3-week pe- 
determined and tumor ""^^J^^ \^ ^, Effects of a con- 
,od following lnitiat.o« of OON re^^^^^ ^ 

simplex virus gene P^<^"«=^fr, ^J^e mice. ODN administration 

ihe growth of A549 tumors in nude m^e u 

r.Liated on day ^ c^.jnu.^^^ 

,S.S 5132 on the growth J* ^549 tum .^^^^ ^ ^ ^^^^ 

n^inistration -"'-^'^'^"f °" fsmaJched ODN analogue of ISIS 
.hereafter, c, ^'^^'^^r^ " „ ,he growth of A549 tu- 

5132 (sequence ^"^'f .^'^''^.n ,s sisa then tested over a 
nnors in nude mice, d, ^^^^ ^^^^ 

larger dose range on '^^^f °! ' s initiated on day 9 and 
fofpanels c and OON adm-n^r on w s ^^^^^^ ^^^^ 

continued for 1 i days ^^^^^^^^^ at least six ani- 

=;:rgro:^rrrrar^^ 

dent experiments. 



I 



TneeffeasofiS.SSl32onceiip.H^at^nwe.^^ 

be dose depender^t over a effects 
a«d 500 nM (Fig. ^W- Tje IC„ for ^.ese P ^5,5 
was between 50 and lOO '^^•T'^"^^'^ i,ed to ir^hibit C- 
p^oliferation =°"«!-^tvt S tSM S 2 'ttongly suggesting 
mRNA expression by 'S^S^ ;;;; tor ISIS S132 ate a d.- 
tnat the antiproliferative '^^^^'^ ^^^l qDH on gene 
,ect result of the -.^l^^^-^j^^^^^ o^lrved on proUferation 
;S Teare: d control OOW at any of the 

tested concentrations. 

Antitumor activity of '^'^^^^^f .(owth in Wvo was next 
The effects of iSlS 5132 j^"^ "^^^a^^^^^^^ xenografts in 

examined using '"^="T« oK Prepared in saline solution. 

aude mice. In these studies, ODNs pr^P -.auavenous 

were administered to tumor-bearing m>ce oy 



Fig. 6 Effects of ISIS 5132 adm.mstra^ 
tion on C-rof kinase mRNA levels .nA549 

tumors in nude mice. Total RNA was 
prepared from subcutaneousiy growing 
^549 tumors in nude mice at -af'O"^ pe- 
riods of time following initiation of ODN 
Ueatmentand C-r./ mRMA levels were 
determined by northern blot ana ysis. C- 
rof mRNA levels were quantified by 
Phosphorlmage analysis and normal.zed 
w C3P0H mRNA levels, as described m 
the Methods section, a. Effects of ISIS 
5132, administered once daily (begm- 



.section once daily. 0^^^— ^li;^:' 

5 ind 9 days f^nowing tumo Jr^^ ^^^^^^ 

time tumors were oi A549 tumors in mice 

ISIS 5132 adminisuation i„i,ial experiments, 

over a range of doses '^l^'^^^^^^,^^,,^,,^ 0.06 mg pec kg 

ISIS 5132 was tested at ^f " ^^"^^^ „uh the effects of a 

body weight and ^ -mpa^ ^^^^^^ ^^^^^^^^ ^ 

control Pho^P^^^'^^'^'^'^r ,cic 5132 displayed very potent in- 
hetpes virus gene ^'f'^^'J^J^^.w.^ in mice, whereas 
hibitory effects on the S^°-^ ° '^^^^.^^ for the control ODN 
no effeas on ^-^^^^^X^;,^^^^ the dosing requiremetus 
(Fig. S. a and ^^fs^j j^eduted antitumor activity, the 
and the specihcity of ISIS expanded to include a 

dosage range of (0.006 mg/Kg). 

dose one-tenth that of J of ISIS 5132 was in- 

aad a mismatched -ntro^ODN ana ogu^^ ^^^^^ 

eluded. The effects of ISls i i o' 




Tmc lollowing ireslmcnt initiJVon 



a, « Sh Wh <« <** 

Tim« lollov-ing trt«tm«A( iflloitlon 



SlVradminlVtered once daily (begin- ,^ in nude mice, b, Effects of " "T?^'^'^^. 

ning at time zero) at a dose of 6_ 0 mg/ g. -^^^^ ^^^^^^^^^^ ,3,, (..ginning at time zero) at a ose 0 6-0 - /Vg C ^ ,3,^ 

iSlS 5132 (sequence d«="bed m^^^ fj^^t A549 tumors at day 1 0 following '^-'"'"^ H .Mismatched OON. The results 

AS49 tumors, 'nsef In °' ^-^^'"f ""^f^'^Uatment.- bne 2, ISIS 51 32 treatment; lane 3. treatrrient 
dojc of 6.0 mg/kg in nude m.ce. Une 1, no u 

are representative of two independent experiments. 
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dose-dependent. disp.a3.ng potent 

as low as 6.0 Hg/Vg ^'^•^f xenografts ranged between 
of ISIS 5132 againsr the ^549 tumor xenog ^^^^^^^ ^^^^ 

served following ^f'"!,''' .ujoate ODN (Fig. Sc). 
mismatched control Ph^^P^^^^J''!^'' 1515 5132 along with 
Te antiturr^or elfeccs ^^^^f^^^^l Z ^ ^^^^ 
the lack o£ antitumor effects °«eP^ea ^ff,<.« ob- 

ODNs supports the conclusion ^h'^^ J^^^^,, mechanism of 
?e?r;d fo!?SlS 5132 o-r throu J an , . ens^^^^^ ^^^^^^ 

action To further test this ^^oncl^^o"' overtime 

Ss sna 0- c.-«/m~— ^^^^^ 

ia mice treated with ISIS 5VJ^ o ^^^^ a^jp^itMstered ODN 

,n this experiment, ^^^^''^''^^ ^.^^ ^t a dose of 6.0 mg/kg 
by bolus intravenous iniecuo-^oac;^^^^ ,i^e. ranging be- 
a'nd total RNA was p^pared -^^^^^^ ,,,i,,on of ODN 
cween 2 hours and ^^^^t^^^jj determined by notthern 
treatment, and C-raf mRHA JJ" mice resulted in a 

blot analysis. Administration °f ^^IS ^ ^^^^^^ 
time-dependent «/"XTveU w tTobsetved within hours fol^ 
6a). Reduced 5^32 but maximal inhibition 0 

lowing admioistrafoc* o"^^;''; ' ^ treatment with maximal 
n,RNA expression ^^^""^VoTr^Tdmin s^ Moreover, no 
effects requiring ^^y" in mice treated with 

effects were observed on C-^^f i^KiNft ^ 
the mismatched control (F^^^ 5^32 against two addi- 
The in vivo antitumor e ects o '^1^^^^,^,^,^., the 
tional human tumor nr^e and the T24 bladder 

MDA-MB-231 breast caranoma «H une _ 
Carcinoma cell line''^ Adn^ms uation c^f ^SU ^l^^^.^^,,,, 
bearing mice dramatically mh>bue^^^^ ^ ^^^^ 3,, 



growth of 

Tumors w e «^J^^^^^^^^^ as described in the 
mice over a 5- to 1 0 day P j^j^.^ent of tumors. 
Methods section ^ ^^re administered 

OONS prepared in salme 'o'^;'^" ^„ indi- 
once dally by bolus ^ned and tumor 

cared doses and tumor size was dete ^ 
volume calculated over 3-week pe^ ^^^^ ^ 
a,on of OOM treatmen . J ^"""^ 3 herpes 

control P»^«P^^<'^^*^'°'\\?° u n« described In Fig. 
S) on the growth of adminis- 

t^tion was '"f ^ ^ ,s,s 5132 or the her- 
14 days J' 2 growth of subcuta- 

pes virus °"ad 0,0^^^^ 

oeously implanted T24 (bladderj 
OOr. admlnistrauon was ,n oa ed 

for 14 d^ys th-aft^ ^^P^^ 

c'aTt'^i:":.;;^^^^ 

St^'ofthreeindependentexpenments. 



^rrS^ownthatadm^t^ucm.^^^^ 

phorothioate ^'}'^;^-!.^,%'Su:S;ure and in vivo. The most 
iahibits expression C-r-'f c-rnf identified in this study 
potent antisense ^'^^^^^^^^^S*;"^^^^^^ ODN targeted to the 
ISIS S132. a 20-^«7^^"f;Sr"'f^NA. This ODH which 
3..untranslaced region of ^."'/J,.^, all subsequent stud- 

Lu^dastheCWantise^^^^^^^^^^ ,00 nM for 

ies, displayed f i^''; "'./J.on and tumor cell proUferation m 
inh;bitingC.mfmW^Aexp«ss.o^^ mg/kg and 0.6 mg/kg 
cell culture and an IC.„ value betwe ^^^^^ ^.^^^^^^^ 

for inhibiting tumor S'°^^*^ Juy by intravenous in- 
tumor types when admmi^e.^d on e d Y ^X^^^ 

jection. Activity °^ =^"7". ^^.^f^'JacelluUr delivery of ODWs, 
',,e of cati^hlc V.p.ds to fac.l.ate in^^^^^^ ,j 

whereas lipid f^^^'^^'^"^;^ jon and tumor growth m vi.o. 
ISIS 5132 on C-rc:( gene .^ports demon- 

This observation is .'^^n methods are required 

srratingthat, ^^^^^^t^Sifc^ar not required to elicit antisense 
wirro, these procedures a« no q^^^^^.^^^ ,,en re- 
ODN effects m vivo ^ ^7'' piajniid DNA in mice". 

ported for the ^Pjf ,^3^^'^ ^ ^^^^^^ mice was also 
Administration of ISIS 5132 0 _^ ^^^^^ ^ 

shown to inhibit niRN ^ e p ^^^^^^^ 
control Phosphorothioau ODNs had n ^^^^ 

studies, we have "^^"^'"^^ .fj, " oDNs in various tissues 
5132 and coatroLphospho 0^^^ ..mor-bearing mice 

when administered at ^^^„„cG-independent accumu- 

arid have Observed s.gn..um,sequ^-^^ P^^^. 



arid have Observed signUicant,sequ nc.^ .^^^.^ ^^^^^^^^ 
lacion of „ ^a^^ious host tissues. In these 

by intravenous iniection. As the ISliMii y 

,,rUl.CME0,aN^V0l.UM.2.NUM..KOUN.f.;<. 



.JXi 



, ^on^erved in the murine 
species (P«^°"»' « were observed on Cr.f rrrRNA 

expctJi'.ort -'ft j-,,u,es of antisense-based In- 

Snc Of the most f^TJt W.^^^V ^'^ 
hibitors is the P°«"^'^^.f/^2eX target". Demonstration o 
effects against the '^tei^Jed mok^^^^^ ^^3, important 

such specificity "^'^^"^ '^^^^^^^^^^^ mechaniso^s underly.ng 
criterion for concluding true '^J"""; ^ this reason, we 
Se biological -^"^"^ ° specificity of inhibi^ 

nave examined in ^^""'^"fj^'^^^^^^ g.owth by ISIS 5132 and 

tion of C-raf gene express on and turn 

have demonstrated that f p,,;^metets. Fitst, during a 

cific as measured by a ^'^^^ 

«en of more ^^J\^'''^X^^^^y * ""^ 
to various sites withm the ^"ll^^^^c-rar expression. Because 

exhibit potent i^^j^^^JJ^^"^^^^^^^ effects on ODH 

I^A structure has ^-^-J^^^X^ J,^, eff>cacy of antiser^se 
hybtid-ization efficiency ' « ^ to the presence of a 
•ODNs-'. these results are r^o^^hke^ .^^ ^.^^^ 

limited number of opt»"^=^' mismatched phosphoro- 
^.uctured C-raf mRNA. ^^nd a^™-^^^ e-r.rmRHA 
thioate analogue of 1515 ' tumor 
expression in ceU cultu« or v:. a^d h^^^^^^^^ 

growth in cell culture or m "^QSphotothloAte analogues 

Us of other -'^-i!?;^^,^^^^^^^^^^^ in cell culture 

of ISIS S132 for inhibition J'-^^ ^ ^ ^^^cts that are 
and antitumor activity T^f^'^' 5, 32 mismatched ODN de- 
consistent with the ervations). In addition to 

scribed in this -P^^/^P^J";^ ^ demonstrated that the effects 
ODN sequence SP^C'f^cvty, we ^^^..^n v:ere specific foe the la- 
of ISIS S132 on C-ra^ -^^^^^f^ ^oSsei^ed on the expression 
tended target in that no^f /J^^^, including a related Iso- 
of any other cellular "^^^;f'""",d^„,ed recent suggestions 
type, A-ra/^kinase. Finally, ^l^^'J^'^r. antisense ODMs 
3^at the antitumor aaivity f ^^^^ „,,u,al killer (MK) 
he due in ^^^^^^^ ^^IS S13Z is com- 
cell activity m mice oy ' j.^ity (r. Boggs et a\., 

pietely devoid of ^^-^^'l^Z^^^, along with the many 
rnanuscnptinpceparat.on Th«^^^^ ^ Strongly suggest 

other observations on C-raf exptessior. and 

,hat the inhibitory effects o^^^lS 5132 ° ^^^^ ^^^^^ 

the biological consequences th t a^^^^^^^^ ^^^^ ^^^^^^^ 

hibitory effects in -^^\'^^^ Hevjtheless, phosphorothioatc 
antisense mechanism of editions to exert effects 

ODN-s have been shown under "J^"^ ^^^.^efore, ad- 

through mechanisms other than n .ser^o 
ditlonal mechanisms underlying the actions 
be ruled out at the P'«^;j!^;: , pharmacological agent 

one of the potential l'"^'"";"^ i.„u,ory protein is the 
targeted against an imponantcellul r ^gu^^^ ry p ^^^^ 

potential ^X^^^^^^"'''' t 
nondiseased tissue ^^^f^^'^ ^^^^ .^tisense inhibitors by 
dressed this issue '^^^^^^J^^t^.^VcW 

identifying porent n^^"^«-^P!^'^'t,f,,tLnd chronic t:earm«nr 

and testing thorn in mice --^l^'^^^ demonstrate signifi- 
conditioas. Although we have been 3b^e ^^^^^ 

cantly reduced Uvels of C-raf '^^'^/^ '"^'J 
tissues following ^d'«'"'^t^^^>.°;^.J " ^Uies resulting from 
been unable to demonstrate ^'S-^'' ""^ '^"^^^^^^^^^^ 
these effects (B.P.M. & J.FJ.. f j^S/to C-^ 
results suggest that tumors may be mote sensmve 
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...veto normal t^^^— 

netic processes -^^^'^''t'^^^cL^^^^ 
possibility that these «'"P°""^^^^^^^ „^b« cancer, but also 
Tew doss of chemotherapeutK agem to CO ^^^^^^^^ ^^^^^^ 

to gain a better -'^^""^^^'"^ f^inrthe cancer phenotype. 
responsible for ""^o ,S ^^^^^^^^ mediators of onco- 
K«f Idnases have bee"^«^f^Xir central regulatory role in the 
genic transformation "^"^ Jjf^^, jj^dies repotted here sup- 
l^AP kinase signaling ^f^y-^or. because'the inhibitory 
port this conclusion. ^^^J^^f^Won are specific and lim- 

'effects of ISIS Sl32 on J^^P;:^^^^^^^ that inhibitior. of 
UedtotheC-r<Jrisotype.ou findmgs s ^ antitumor effeas 

this isotype is ^""^"^" "^^^J^S in this study. The re- 
against the t»^r«^\^;;;; ^^na on in part as downstream 
cent discovery that m juggests that inhibitors of 
mediators of r« 0"=°8;;^;";°," ef^lS the treatment of rns- 
gene «'^P^"^'<'" ^tL'threet^or types shown here to be 
dependent tumors. Of the three w j^^g_ 

r.^onsive to ?-J(f2?'br ''''' 
T24 bladder, MDA-MB-231 supporting the 

been reported "^'^e useS for the 

premise that C-mf inhibition may mutations, 
human tumors '^at are as ocm^d vntn 
However, as the incidence of ^ event'-', and 

carcinomas has been shown to be a ^^^^^^^ breast 

" '''' ''''uSXfl^^ 1. fstJ^Sat I -tjtumor e^ 
tumor ime ^D'^'^^-c L inhibition will not be limited to 
fccts resulting (tom C-raf inn ^^^^^^^ ^p^^. 

..^.dependent '—Votrs ent with this possibility are our 
tram of tumor types, f "^'^^^^ against r.s gene prod- 
findings that Sy against A549 and T24 
ucts display potent ^'^^^^^'^^J ''f^elrly % to that of the 
tumor xenografts at a l^^^^f ^^ '^j^'^^^s^ b,t show relatively 
antitumor aaivity dispUyed by ^S^^^^^^^^^^ 
poor aaivity against MDA MB ^ inhibitors targeted 
Despite the positive outlook p,,,^,ial limita- 
against C-raf lot the treatment °' ""f ./i;ttie is known 
rions may exist for this ^^PP^^^^^jJ^^^STe's is'tant tumor cell 
.hout the potential ^^^^^ " ,t ard C-raf inhibition 
populations that lose the.r se"^' '^'^^ .^^ resistance 
'over time. One possible --J^ "^f^^^^^^^ .iternate signal- 
may be acquired is through ^^^^^^J^ ,f ,rher mf kinase 
ingVt^-y^. rCen oZer some degree of 
'";"grt cc PO uSns. resistance tb antisense 
resistance m target ecu put; ,„„n,e extent in the climc. In 

drugs is likely to be -="7? d^play sensitivity to- 

addition. some tumor cells may never p y ^^.^^ 

ward C-r«r inhibition, l'^' '''X^^^^^^^^ 
documenting the presence of rnf kinase ina p ^^^^^^^^ 

Sely ac"Sent on such 

-s:::;:.iu"---edbyin^ 

?hus. studies examining ^^^^ ^r ation of the 

tion, are of obvious importance. 



673 



,y bolu. •.nW.on -.mo the ^ , gWe. study voned 

depending on the «''Pf "^^^^^m J we^^ monitored or thr«e 
in tt,c ngur* legends. Tumor volum ^^^^^ ^^^^^^ 

wUiy *nd 24 h J . mes were C3.cu.«ed as de- 

perpendicular diameter. J^^^'^^^^, ..edition Included ai least 
bribed previously". Each ^''P^""'!" . ^^lumes and Standard dcv.a- 

r „o! were calculated for each group ana P ^^.^^ 

and treated with the »PP'^^'^J^,°°,He indicated times foHow.ng 
n.g/kg, and tumors were re-noved a ^^^^ ^ 

S'ation of ODN ueaunent. TotaUNA P ^^^.^^^ , 
umors and ^^^'/^^^ .^ClSri analysis and normalized to 



,eagen.uoc...w For determination of 

Northern blot «nd western btot anaty^'*- ^^^^ 
S levels by northern blot. l^^^^^^^^l^eZe" 24 h after .n.- 
^o^ors by the guaoidiniumj^'o^^^^^^^^ j^^dicated 
tiatlon Of ODN "e«meni or ce 1 ^^^^^ ^^^^^ i,o„^d by cen^ 
,^esforinW.o antitumo ^^^^^^^ over a ces.um 

prev/iousl/-. by western blot. celUalar ex- 

^ For determination of P/^'fJ^l^^ extraction buffer' per 
tracts were prepared usmg 250 j of R. ^ ^^^^ ^y elec- 

O-cm dish. Typically, f^^9 °J,^^^^^^^^^^^^ mini-gel (BioRad). Once 
trophoresis on a 10% ^OS-PO ya^'V'^ 2 h with a mono- 

Radiochemicals) '^/J^^^'f (l^cular Dynamics), 
tified by Phosphodmage analysis >. 



,--11. wpre seeded in 6-well tis- 
Measuremer^t of cell P-'^*;-"-^^,^^' Ss per well and allowed 
sue cuUure dishes at a dens.ty oj 2 ^ j^y, cells were 

,0 auach u> the plate ^^'^'^f'^l'^l^^^^^^^ 
t.ea«d wlih the appropnate OOSs (« ^ ^ ^ p^,,,„,e of 
centrations described .n the r^oK^ ^^N.^nUining medium was re- 
DOTMA. following ^^«f -^f? iO% FBS, and cells were 

placed wHh the normal '-f'^'^'l'^^ Zs determined at the af> 
incubated at 37 'C. V able cd. ""^7^*;,, direct counting using a 
propriate times follow^gOOStreato^e y 

growth (with or w.thout ODN). 



Measurement of >f .f'tlB/c^^^^^^^^ 
,„ouse tumor models. Female BALB/c nuc ^^^^ ^^^^ 

,rom Bomholtgaard. ^openh ge^J^^^ 
1 0-1 2 weeks old. The tumor cells us^ ■ , 

... implanted -''-^-^reU^^^^ before the Start of 

minimum of three consecuove t ansp ^^^^ 

treatment. Tumor ^^^^^!^;^ ^^^^f^^^ of the anima-S with a 
planted subcutaneously into ^^^f eft ^^^bott 
IS-gauge trocar "f^^^^^.^oD^t^eatments were initiated 
,aboratories. Basel, Sw-tzerUnd). ODN t^ OP^, 
.hen the tumors reached a ^-'^^^^/^^^^d intravenously daily 
(fom^ula^ed in saline solution) were admmlStereo 



S. w,ru<, P.E : ouo^-l in vi.r». N<.."« ^^^'^'^fVlmgU amino «W 

S:^«kic«cIN.bl..An.«*'^»"^;;f;^ r„c«ch. ^.H. t. 
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. > 1 „f r madifltd ollsonucl»oti<l«s eonuining 2'" 
dtoxy g«P» »« »««<»«"< inhlWtoB 01 s«n« 

\4S\+-U5M (1993). ,„han« «UuUr uptaVe »n<l ictivity ci pbo»- 

22. B«u»««, C.F. CUUomC ''P^ "^j";^^^. 102*-1033 (1992). 

23. MonU. B.P. not. S.l«:t.ve '^^•^^^+.19962 (1992). 
^JZ^ i<v mi«. /. P'-rJ!l;S:'«I^to«e c *pS on »nri«:n>c ol«=au. 

mophi/a rlboiyme: Kinetic <1'»^P^<'".°'J*''.;'*^'°,q;,T.I^ (iMOi. 



« ^^'r'^'fe Strom. E. W.lWaj Mon, h«m« Cm^ «RNA "^th 
^ ;.]^kc«^^^ Maximum .m<^ W me $• «p t^lon. Oncxm* 

18162-18172 (195 1); b»et«(u. but not from vefteb(M<». induw inter- 

'i«^];t.CF AnlC««<.l»nH«o«oUsonucUoddep|«v*n.i ir<li<-ctics 

proSnut C inhibition »nd i« vL .ntUumor activity, /nr /. C^cr 43. 
46 mam« if & iohn«n. 01. Dwe«ity -unction ;.,d tcruUt^o" or MAP ki- 

SUr »MCuU. injuty fn vivo. W-m« M^. I, 541-545 (1995). 
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Antisense Oligonucleotides as 
Therapeutic Agents 

rA<U-|NO • AND ANTONIO GIORDANO" 
UMBCRTO CALOER.S. - ^t^'S... M'.o.n ,MeW/C.< Co,i.,e or 

m^mm 

oaUents with mali§-v-.m diseases. Cl.i '^^y^^f^'^ ^ ^.j^h ^nlisensf. targeted aga.nM 

promises .ha| ,5.0 o .o-mvi.,- .... -nc 

, pNA huL leaves the DNA obgonuda- 

investigaUon m manv ^^^X^'jJ^iar diseases, and xn- J^;^ 1997; Romano ct al, 1993a). 
ogy. hematopatholop, cardiovascular 5. ^ g^. G^^"' ' 

fedious diseases (/\srasval '"^"^ ->^;^' J'^ggfl; Brad- OF A SPECIFIC AND 

stretches of A ( 1/-^' aelectively hybrid- the hmt step m f 
menUiy to a target Watson-Crick ba.se 

ize to their ^lEpl'^f S-et mRNA is iohlH- ^^m,te for Cnncer ne-,earch and 

p^^ring ndes. The f A.slveS^srn whan hy- Contract EraaU^on^ ^^^^^^ ^^1. 

ited by an active '^'^^ P^'T^nLy helices. PaBsivc Mol-x^"^^ Mo<Jvcme. ^ Dep^rtmeul 

blidizatioa occurs H^^''^'^" ^^vfSSil between the »Corr«spondeace lo: yiXgy%;«.s J^emon Urn- 

to duplex formation that pre^p^^r . . , ^^i^ve mecb- ^'"'"'^ , , ,„gg. .„„t^ ig July 1999 
frotn reading the rncsscige ^^'2,1^^ f^j^'^^ ^ R^aseH. Received 16 July 19M. Accepts 
anisira. hybridization allowa for biadm„ 
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the mRNA-ODN hyar.d. 

the target sequence, ^'^f^'lfrom secondary and tcr- 
mensional structure resulimg ^^^"^^^,,sibility of the 
tiary structures, ^^^^fj^, 'f.eUhes of n,TlNA bc 
targct >?"terchain hybridization, are avail- 

qv.eace, devoid of ^^'=[^"!;^'„"tion ^vith DNA obgoauclc" 
^ for «S th^SvTty of ODNs. For example 

only oue of M 0"7„„,\^en.se activity. MndeUng of 
demonstrated P^^^^.f'^'r'the target mBNA by com- 
the secondary ^^t^^^ed for target Bekctlon of anU- 
puter sofUvare. can be v,=ed tor ta g^^^^y 
sense molecules. Such ^ meiu ^^^^^^ 
potential foldrng patU^m oUa^ 
Lm its P'^jt.cular nucleotide « q ^^^^ 
niimnglaefrccencr^ of a p e^^^^^^ indicated, 
the most probable [^J^^ '^.n accessible tor 

showing open loops ^^f^fj^^ ^Ybiidiration (Stein and 

ohgonucleotidee for ^g^^^^^X.^^id Flanagan. 199V; 
Krieg. 1994; Moma. 1997, \Nagner 

Aurawal and Zhao, 1998). 
° Selection of chemical modifications 

Selection endonudeases that 

Cells contain avarietj- "f ^°^Xtide and n-icle- 
can degrade ODNs. A ^^J^f^^ the oligonucleotide 
oslde modifications have 'nade tn j ^^^.^.^ 



tides. A vanity of oligonujeo^^^^^ 

enhanced or «>'^^r^£^j'S?accllular targets (Capac- 

\ne oligos to reach thcir uiLr. . and lyec. 

dfu ef al... ^^'I'^r^iZlv^^o^^^^^^^'TZ 
TqqS- Galderisi etal.. 19i"/- f^"""' ODNs. One of the 

;? the most fn^,-^"LTbacW>oie^n th..se mnlecules 
oxygens in the P^o?P^,^^^?^J 2^- Increa-sed protec- 
b rlplaced by a s^^.^^v^I 'lonucleases and endo- 
Uon against cleavage by both exonuU 

nucleases is ^^f. "^^e to melhylpl^csphoaat^s 

Other JJ^ubetituted for an o^gen of 

in ^vhicb a methyl group is bu ^„.^horoain«i«te3 • 
Sioaphate; other mod.^^'J^^^^^ 
that sliov' an Knndthnka^ m- ^ j^^jr.g -tlw ' pWj«^^^ 
hrldee- peptide nucleic 7„ "iLiaraide Vmkflge 

Fig. 2; Eckstem. 1983 Henry ; ^^dootides alsc 
1998- Galdcri-si et a .. ^onticlpa " Chimeric ohgonu- 
. nav be "chin.erlc "^'^'^""^^"f^hen^cally distinct re- 
Stidns contain tv.0 ^^'1^^^^ to confer more 
t^ons. These ^°^'^lf^,Z J t^OJ)Ks, such as m- 
than one be^«fi"t.Sce iucroascd uptake mtc 
crooEGd nuclease ^'^^"^'f^^'ity for the RNA target 
™lls or increased binding ammty ^^^^^ 

& etal.. 1999) 



Cellular delivery of ODNs 

administered ^UiNs i3 in p ^j^^ ccilulnr OUN 

Wnilc the mechanism '"^^l'"",^,, a great variation 
^take still is not ^^f.^^ *«;^th rL?ard to their ability 
between different cell '^^^ J^X receptor-mediated en- 
to internalize ohgo ^o^^^f "^'^^ole in ODN uptake, 
docytosls Beams to pW^^^J cndocyt«tic vcs- 
foUowed by the f ? ^.^Hl al.. 1989; Wer^en et 

i, in ^dtro -"'^'■•l^A^.t^^'^.^ltX The -ost widely u^ 
used tn enlian^ODN upt^^ .j^^^g molecules 

method is based on "^'°^^,^^,?^^,cleic acids and pro- 
form complexes wth the amonic ^cromoloculax 

SXthem against d^^^^/^'elf tha surface, allow- 
complexeshaveapnaitivegarg negatively 

lag binding to cell n^^m^^^^'t^ ^he membrane, the 
charged. FoUo^g attachmeat ^ AditionaJ 
complexes are taken up «a ^ g^udpated. tor 
improvement in ^^'^^If^^^So to modifj' liposomal 
example, eff<?rts^e be^ng m-i^^^^ ^ 3 

lioids by addingligaras 01 cemi expressed on the 
Ttibodls d^rected J^^t antige^^ e^^^^^^ 
respective target cells j^cnnc j^^a^r et al.. 

et S. 1993; Stcir. .^^^'^^^litt a^ad Haas, 
1995- Gokhale et al., iS-". 1^'"= 
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admbustercd intravenously without ar.y delivery rc- 
aS 4 a^^imal models showed cEfective and specific 
nntfaense inhibition. These surprismg resulU helped 
rev ve nntisense lcchnolce>' and or.courapd rcsoarcl - 
crrto move to clinical trials (Wagner. I90o; Crooke and 
Bennct. 199G: G<;ary et a].. 193/). 

Antiscnse oligonucleotide evaluation 

l-he aim of nnti.sense researchers is to shovv down- 
regulation of a t^irgot gene in a f 
neV while control ODN=. v;hicJ. are. ohgonucleot.des 
Jo 'complementary to the chosen Urget mRNA. should 
sho^v Uttle or no downregulntion capability _How ever 
several examples of n()ascqnence-speafic cfTccts have 
b^en seen ^^-ith ODNs. particularly with the chemically 
modified molecules. Oligonucleotides, v^• uch ore nega^ 
Uvely charged, can interact with positively charged 
nioleculoa. For example. ODNs can bind ci a seauetvce- 
ndepcndcnt manner the cpl20 protem of the human 
imrauDodeGciency virvs-l (Hiy-l). ^^me serum albu^ 
min the receptor for platelet-<lcnvcd growth factor, the 
rccepUr for basic fibroblast grov/th factor, and scvcia 
other cellular proteins (Stein and Cheng. 1993 btci i 
and laieg. 1994, Stein. 1995; Cnjoke and Bennct. 
1996) 

Antisense side efTed^s also could be due to sequence- 
specific intoraclions between ODNs and cellular pro- 
teins that can cause the so-called "Hequence-dcpcndent 
but m.nantifiense effect." For example, presence of 
foui- conU^ous guunosinc residues in an UUrJ, tne u 
quartet, can result in an antiproliferative enect regard- 
less of the remabing sequence of the molecule (Crooke 
and Bennct, 1006; Stein and i<neg. 1994; Vaerman et 
al., 1995; Wagner, 1995). 



ANTISENSt laEKAPy 
The idea of antisiAst-medlatcJ sci.e Liliibit.ui. lliKt- 
apy i3 as fascinalluj,' >.h uUi«r lyP«« K""" mw'l-l!/ 
(Romano et al., 1998a; Giordam. et al.. 1998). The fol- 
lowing examples suggest Uiat these compounds may 
have some Uierupcutic efficacy likely through a combi- 
nation ofanllsense and nonsequeace-dependent ettects 
on gene function. 



Pharmacokinetics 
Several experiments asseesing the pharmacokinetics 
mid toxicoloev of ODNs have been performed in mice, 
^a J and m^evs (Ccssum et al.. 1993; GdWa^th et 
al 1994- Iversen et al. 1995: Zhang el al.. 1995; Leeds 
et al., 1998). The pharmawkiaetics ^^^re Lodependeat 
of the length as well as of the sequence of ODNs. men 
injected intravenously or inbapentoneally. the nucleic 
acid<5 were excreted mainly in the unne withm ?.4 h. 
However, datoctablc levels were found in most tissues 
except the brain for up to 48 h, wiUi only 15^0% 
degradation for ohosphorothioate ODNs In monkeys 
and in phase I clinical trials, dose-dependent hypoten- 
sion, complement activation, and transient prO;onga- 
tion of thromboplastin time were obson;cd as side cl- 
fects. Preliminary results of other climcal siud.es 
domonstrntod the safety and. to some extent, the eth- 
cacy of anlisense ODNs in patients vntb mnligoant 
diseases (Ivereen et al., 1995; Glover et al., 1997: Henry 
et al, 1997a; lUynnud ct al, 1997; Serent et al.. 1999). 
Antbcnse clinical trials for cancer treatment 
A major signal trausdiinlior, pathway invoivuig the 
enri-me protein kinase C (PKC)has a cntical influence 
on cell proliferation and diftercntiatio.a (Li" Heck- 
man 1998). An increased expression of PKC-aipha is 
found in many human cancers including those of the 
breast and colon and in brain tumors. Inhibition of 
human PKC-alpha gene expression has occurred 
antisense ODNs both in vitro and in vivo (Dcaxi et al 
1996; Zhang et al, 1997). A phosphorotnioatc ODN, 
directed agiiinst the S'-untranslated region of PKt^- 
alpha has been tested by ISIS PharmnceuUcal (Carl3- 
hA CA) axid Nuvartis (Basel, Switzerland) in soaie- 
human tumor cell Unefl grown in athjrmic mice. Ibis 
oUgc. named IS1S3521, was administered mtrave- 
nousiy once a day for U d.iys .ind Bhnwed n nolici^jihlc. 
tumor growth decrease in T-24 bladder carcinoma, m 
A-549 non-small cell lung carcinoma, and in Colo 205 
colon carcinoma xeuografl mtKlels with a .SOa inh-ihi- 
U irj' dose between 60 and 600 jig/kg per day. After this 
success. ODN entered a phase I chnical trial. Cluucal 
responses were observed in 3 gfl? treated patients, all 
having ovarian cancer (McGraw ct al. 1997; Flanogan, 
1998). 
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A ^ for a tiF>>ly coDserved gonno- 
Thc c-raf gene codea for f^^B- ^ m^^usou ct al.. 

1994; Kcrkhoff and B^PP-V;'-^^^^^^ conditions ore 
1998). C«rtam abnormaJ pro^^^^ therefore are be- 
associated with ^-^r^j^l^^f ^"^biticn of raf expression 
lieved to 'fi'^^^^.^'i^^^Ts nf abnormal prohfer^ 
^VVorland et al., 1990). ^^^-r u^e disordors such 
Mtive coaditiona are >iyP«'T''?^'tfn^". fibrosis and an- 
Is cancers. l^Vf ^P^^^VlS Pfe-S^^^^ • 

Nftumann et '^^v.-^^ J ooN nan^ed 1SIS5132, which is 
Apho3phorothioatoODNnaB.ea ^^^^^^^ ^ ^ 

Boquence-.spedfic hlman tumor cell 

some aubcutancoualy '••^P'=X ^^^^ i clinical trials 
Unes in nude mice. Subsequently. P^^^^ 
l,ave demonKtrntfid th« f 'r':^f„.,t prosUite, und colon 

more, several patients vnth ^^^^ J' P^^^ Based on 

Tankers showed P^rl^Ss were initiated in 1998 

this data, phase II clinical tria 3 were 

Soniaet^l.. i996; H^n^^^^^^^^^^ et ab. 

1997; Monia. 1997; Flanagan, 

1998). , „ . „ for cx vivo bone mar- 

The ODNs may be usc^' Jeatment of palienU 
row purging, a o\ethod used bomafi. Largo 

Buffering from l«^^*^"^'f 'l.^ sur^caliy extractx^d 
anaounls of bone marrow can be s^^ p^^ 

from patients yoUowing relapse the 

receive conventional t"'^''™; ' r i^.^ of their own bone 
patients can b^J^.^lo l^cn purged" of residual ma- 
marrow cells that been P^-J ^ -^^^ altered 

U,nant -VlB^^-^SfaKS ^^^^^^^^ 

Stomas (be r^h^^^t^l^-' ffnt-gcne created by 
"^cr/ablmRNAistheprodu^;"^^^^^ ,.^bl and the 
a reciprocal translocation invo ving ^^^^^^ne is 

bcr Kcncs. Tlic expression ol ^^^^^^^ myelogenous 
involved in the P«ttocenosi. of chronic^ 
leukomia ^C^^L). So-c cb-cal -p^ncn ^^^^ ^^^^^^ 
tarxoted antisense VU^s m ^ ,997. Kronen wott 

„nd Haas, 1998a). D« /"J"*'^^^ accelerated phase 
treated a P'-^^ient with CR^ in an ^^f,^. 
with autologou.? bone mdm.w '^-^ l .^^ ^ 26-incr 
reinfu3lon. cells ^^'^^.V^Uritcd against bcr/abl 
phosphorothioate OD^ Sed be in cornplete 

1^^3;DeFabntu. et 

^iSressi^fU.bcl2^e^H^ 
the opcptosia Pa^tiway. is overre^ Tsurusowa et 

Hodgkin Jy^P^^T^ll^^l^S&ft Die>o. CA) has de- 
al... 1 998; R«ed. 1998). ^^t^J^t^^^^^^^ bcl2 
veloped an antuense ODN targetea^^^^ 

mRNA. This ^ ^Uan fo&r lymphoma 

nude mice inoculated ^^^^'^.f,^^^^", trials have been 
cells. Based on th^e results phase^. m ^^^^ 

initiated (Raynaud et - 'i j^j^^, 1998b; Bloem 
Flanagan. 1998; Kronc.^vcU^^^^^ Haa. 
and Lockhorat. 1999; Chaudnary ci a , 



...stenosis adcr --^o^^f^::^tsJ7,^^^^ 
elusion, and transplant co^nai7 va^^ 

cnl transfer of ^^^^l^nSe for the ireatmeat of 
v,all offers a pronnsmg a^t^m^^;^ ^Uular and mo- 
.therusderus.s_^relate^^ a^t.^ , , 

lecular levels. l^w-^chniaue because in sucli 

gets for this R''"^ rTBtenoBis. only a tran- 

^onditions as PO^tan^°P/'^,^„/e™re66lon is required 

^^^orirV'b^uVnan^i^^^^^^^ 
a catheter bearing an mflaubk ^^al^ .^.^^ 
aerted into the artcnal Hi.ns in vokhc,!^ 

method is u.^cd to °P^:"/^StYSo3ita.Thiotw^^ 
dosed by arterial P'^l^l^^^^^^/^J^^'^ng Irom alhero- 
nique is used often f"/.P"^^,'^^^^o)pS.r«ti^n of thr. 
.ck^osis; Smooth n,u.cW.lUM^^^^ ^^^^^^ 

vascular wall 1=; a ^.^'^^^^^^^Xae associated witli 
physiological s^"""^. "^f^^^-^/J?^ stenoees. If the 
^procedures ^05--?-^'^^°^ could follow the 



Antisense ODN as potential arugs in 
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procedure I" P"*^,-,tul coroiiuy .ogiopUsly cm 

unsuccessfully. • vihii mitneens that act cn the 

One approach jB to inhib. m^to ^^^^^^^ 

cell surface of ^'^^^T.^'l'iriv response gene, t^>c e:.- 

pression of wh ch can ^,"^^j4^f^73;;^"i transduction 

inglhec-mycprolo-oncQKe ^^^^ studies 

et al., 1994; Shi et '^l' ^^^^I J^'.^^^^ anti.en«e. 
provided <\-^^'l'^:ll!Za 7Z^^^^^^ For 
oligomers m P™"bgoaicrE targeted againsc c- 

sense oligomers reduced the formation 

denuded coronary «;^^"«'^P^.Srorireanbehypotb- 
for the prevention of coronary restenosis <-aa 
■ J /cu; tit «1 1994- Mannion et al., iyyo{. 

^u^r^of^anS^Lc o^^^^^^^^^ ^ 

emerged M a P°^^,^ q^l^r^Wn et al., 1997; 
geots g^7-,^V^Sd m^^^ 1997; Veal et 
'riV98riaS:lSaltherapeuticappli^ 
ODN terc suppised to be as an anbW agent- Stc- 
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7flmecnik (1978) disclosed onlisense oli- 
S^udeVidt'tSitL of Rous ..cco.a ^.n.s rep- 

fectcd ind.v.duaV Ther^peu c ^^^^^^ ^.^^ ^^^^ 

: based on OU-N .^^.'-""L. ,,^pd for svstemic admin- 

SS^y -"ge from atout o'.Ol to 50. mgAcg 
istration preferably -anpe Evalunlions cf 

?995; Junker et al.. ^^1^^^ S (HBV) is 
Chronic infection Nvjlh the hPjwmu n i 

a xnaior health P/^Vlr^r;^^ ^d h Jcfficai^,^ only 

by several authors are Peking ducks 'n-ecLe 
S J iT irnv mHKV- Sh noiuka ct al.. 19J / . tjoni ei ai.. 

et al 1997; Lima ct al.. 1997; OfTerxsperger et ul.. 1998, 
SoQiet ol., 1998). 

THE FIRST ANTISENSE-BASED DRUG 
VitraUne is the first in a class of novel therapeutic 

,b«In.s (CW tctimUs ... p.Ocnls wilh "OS wh««» 



inhibit replication of ^^^^^^J^J f,l^ '^l 
t.ncy than either ^^"^^^^j^^J^^jXbe ai.ti-Hr\'- 
infcrferc with the a'^^'J^^f 
drugs A2:r and dideoxyxit^dm^ na^^c^^^^^ 

the use of gancidov-ir ^-f f J^^/'^J^^^t ^j'^ta) human 
vitravene.coco). 



FUTURE PROSPECTS 
opmept of a .^f^Lff^oecifidtv and enhanced deUvery 

drugVilravene.whAchisbMed^^^ ^^.^^^ 

iSTs h"^ swTthS sot^ StiUal suc.eBse.. c.n 
be reached with the antlsease tochinque. 
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preface 



interest as a novel Cass ^^^1:^:^ ^^:^y to inhibit the ex- 
Uons. cancers, and gcnet.c d.sorder b^^c^^^^^^^^^ UKrapeutics inhibit gene 
pression of ^'^ease-assoctated gen s^ Antr^^ ^ ^^^^^^ 

expression in a sequence-specific manner ^ / , duties have two 
Jene through W-on^nc. t^P^.^^^^ 

characteristics required f*'^ f 'j^^ 1 7 nucleotides is unique 

Theoretically, an antisense «''S«""^'^^ f^Xt^for the target is much higher 
for its target in the human genome and us altmity lor 

than the 37°C body temperature. „tiscnsc 
The laboratory of Paul Zamecmk P^f ''^ f ^ J ^ ^''.'^.f u.e National 
oligonucleotides in 1978 '^^^^^^.^ZZ^^^^^^^^ 

Academy of Sciences. He and his colleague m y h virus 
symhetic^ligonucleotide(.3-mer)comp^^^^^^^^^^^ 

about various aspects ofanli-sensc thcrapcut.cs^ oligonucleotides as 

Research efforts exploring the possibd y ^^^^ identification 
therapeutic agents started ni.he mid- 19bO.._Ti ro^^^^^^^ ^^^^ 

of oligonucleotide analogs that have J.^le in vivo, and 

aene and can be administered locally "^^y^^'^ " "''^'^^jj, therapeutic index. 

san: in animals. These ^^^m^^' M.my a^:tlogs of oli- 

Enormous progress has been made in ^^J^'^;^;^^^^^,,, l^,,,,. The most 
oonuclcotides have been synthesized and "^i^..^ The results of 

Widely studied analog of or.gonucleo,.des .s p.^^^^^^^^^^^^^^^ 

preclinical studies using o''SO^'7-^y""^'^?*^',S activity pharmacology. 
Lt antisense oligonucleotides have good b'-'ot' ,,,,,„ay 

pharmacokinetics, and -f^^y'^^'V.riris fori t m^^^^^ viral infections 
being evaluated in human clinical trials for the 
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Zamecnik 

6 

for prevention of development of escape mutants. Whereas escape mutants 
appeared after 20 d treatment of chronically infected Molt-S cells w.th an 
an isense phosphorothioate oligomer pinpointing a splice acceptor s.te, contm- 
ued inhibition without escape over an 84-d experimental per.od occurred when 
revI-28 or eag-28 were the targets. ., . . „ ■ i 

A second example is the use of antisense oligomers to mh.b.t mnuenr.a v.ral 
replication (62). At 10 ^tW concentration, replication of mfluenza C virus was 
inhibited 90% in tissue cultures of MDCK cells by a sense ol.gophos- 
phorothioate targeted against the replicase gene of the negatively stranded 
virus In 10-d-old cmbiyonated chick eggs, phosphorothioate oligomer injec- 
tion also induced marked inhibition of virus production (63) 

Another example is inhibition of replication of Plasnwdiwnfalapannu 
malaria by a phosphorothioate oligodcoxynucleotide targeted against the 
dihydrofolate reductase-thymidylate synthase gene of the parasite (64). This 
enzyme is essential as a donor of a methyl group in the conversion of 
dcoxyuridine monophosphate to thymidine monophosphate ,n the parasite, 
which must synthesize its own pyrimidincs, being unable to use exogenous 
thymidine for synthesis of DNA. The adult erythrocyte i.s one ot the rare 
eukaryotic cells that oligodeoxynucleotides do not penetrate^ Fortunately, how- 
ever, when a malarial parasite pushes its way into a red cell it creates a 
permeabilized erythrocyte membrane plus a parasitophorous duct (6,), through 
either or both ofwhich the oligodcoxynucleotide reaches tiie ,Kiras.tc inside i.s 
protective erythrocyte envelope. A iluorescemly labeled oligodeoxynuclco.Kic 

liolus up a circular area inside an erythrocyte in which the P. jc.lnpannu ^^.^ 
siTe resides, surrounded by its own membrane, whereas the un.nlecied red cells 
fail to show evidence of cell entry (66). The above-mentioned aniisense ohgo- 
incr shows a sequence-specific 1D,„ for replication of the parasite at 2-5 x 1 0 

concentration ('dT;. . ., ■ i . ,„ i.^.- 

Thus in summary, the synthetic antisense oligonucleotide technology has 
potential application to human diseases and displays promising results in cell- 
free systems, tissue cultures, and animal models. It is al.so at early tria points 
(6S 69) in human testing against HIV. leukemia. Herpes virus, and other dis- 
eases, whose outcome will remain for the future. The current status oi these 
varied approaches is presented in later chapters in this book. 
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Luucal products. ^-^^^ " covcnns 
include developing a muluple '^Y^^ P imoroved pharma- 

cological propemes. f ^ P^'^J'T^^ological properties 
^^Srrd td nc. 

discovered m P^'"^^^^' ^""^^^.^^sses which provide new 
chemical ^nuaes^ In adck.on adv^ce^^^^ 
nology rcd.ce the ^1°^^^"^'^! ,hc general strategic 
independendy P^^^^^^^''^". ^^J' 'SS^c^-iU be presented. 
.pp.oachtopa.nt^ga^^^^^ 

Po^->SSn:r.3^Utera.re...bich 
iiuthon have the fa>mh">ty- 

,fon5. o!«i;onuc/«n,^id manu/acturc. al.gonu 
H, T'O-subidtuud nhonucUosldc 

p.nia..r .ene ^^^^^^^^^^ 

" " ^'^"Itl^^^^^^^^s^^-^iss^ — — 

as u\ cancer, v m-^"* : . 1175 
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improve ihc subiUtj-, ''^^ "^""^^^l, ^ pi^sphorothioax 
-^nd Studied the two most studied inHog> Y = H). 

2'.0-methylribQavicko>-"i«:5 (X - S or w . 



O O Y 
■p. 

X 0-1 " Bo30 



n o r 



O, .0 Y 



O Y 



^.don) ^vhich provides ;Pef;;^2' 

interfere m tne uan^ia 1- „ri/or bv excising 

^S,bosorne..serr.bVor-^--^^^^^ 

^.e mKNA tae help ot J^-j^" ^s.K 

.ccuxutdy. ens ^^^>^7^^,?,,^des ar^d their affiruty 

s of nodeoudes or ;he 
,0 the -Se. .^;'i^^tr,^Ide lieges (referred .0 
oU8onudc.ude ^«- .Hgonudeotide) may 

herein as the bacHDonL ^sucs. such as vts 

l-,erof oUgonudeoude be::n studied as 

^tisens. agcr^ts f S^J^/f^^i^^ue cbaraaeristic, 



Eij>. Opi'>- 



f) AjhlcyPublicttOoos 



Ltd- All lis)'" r**'*^'*^ 



1 . . 

of ihc obEoaudeoQdt. 



- Oigorxxioalda andogoevsHch doos n« activate RTte^ 



,o iradiUonal small mokcule drugs, for which such a 

o?her chcnucal enuue. useful for trcam^en: of o J.er 
diseases. 

2. Strategic opportunities presented by 
antiscnse technology 



The seve^biliry of the type of oligo.uclconde back- 
Z.. from the sequence of --<^<^.-'f^'^°^^^, 
ployed provides a unique opporturary for ^dq)a^den 

burcompiemenuxy types of P--^ -P^^^^" J"^^ 
S^rapeuL oliqonudcoades.Thl. opportur^ty kads to 

tZrlappin^ or layered --^^^^ P^^^^^^^^^^ 
of patent proiecuon. 

Sjate^tingofba^bo^ 



5'-hydroxyl of or.e r^udea.ide and the 3 -hydroxy! of 
the neighbouring nucleoside, and the sugars M 
Tooipri^cach nuclea.ide include deox->-n=ose m the 
cLTof DK A and ribose in the case of KKA (Figure ^. 
■n^ fast chemical mod^icatior^ of oligonucleoude 
backbones arose from efforts to nrplace a non-bndgmg 
Lcen from the phosphodiesterbond w.th a d^erent 
Sclent. Amon'gthe e^rbest of these fust gene^uor. 
n^odif.cations v^cre 

phoro-^ioates 13-91 and oligonucleaside r^-^V'f^- 
ohona:cs 13-9). in^vhich a non-bridging oxygen of each 
nhosnhiS^ bond is replaced respectively ^.th a 
Eat or methyl group. -n.e.se -odiHed o^onu 
deoudes ^erc more stable to nudease ige.uon than 
na^ oligonudeotides. Although first generation oh- 
;::rieosL mcCaylphosphonates have no. yetbeen 
^ccessfally de^-eloped as clinical car^d^ckte., (p^haps 
7u^o th Jlow affinity- to RNA and irxabOtty to aO^va^ 
UNase H) numerous oligonucleoside phos- 
phoro^S es are no.- in clinical trials 18,9]. Patents 
Jere s^t^ted for these early mod^tcations. For cxam- 
TlT a^umbcr of pater.ts related to fust genet^uon 
S^onuXSe me%phosphonateS -ere issued - 
joL-Hopkias Uruversity and -^^-l^"^^/^^^. 
sivelY Ucensed to Genta Incorporated (101-105). 
arlv patents -ere issued to the National Insuuaies of 
ISr^nH) for oUgonudeoside phosphorotboates 

1106-108]. 

^.er badcbone ^o^^f^^^^^^^^^^^^^ 
lion that oUgonudcoCides could be 

different regions, ead. of which '^---^^^^tLTri; 
»^f,-hefnicalmodiBcadon. For example, cmmcn 

phodiesier together u-.<h regions of oUgon 
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allo'lphosphomtc or phosphot^-idare regions (Rg- 
ure S) 1101. Th«e second generation oUgonudeoudes 
provided ev^n mor^ improved stability. ^Me rctauung 
The ability to destroy target RNA thro^:^ an RNase 
H-mediated mccharJsm. Several patents on ti^ese 
ch£>eric oLigonucleoudes and their use have been 
STcd to Z Worcester Foundation ^/^-'^^^ 
Research and exclusively licensed to Hybridon (lO&- 

1111. 

Yet ar^other second genention backbone modification 
Utilises a combination of phosphorod^.oate .nternu- 
cleoside linkages together ^id. a central re^on o 
deoxynucleosides flanked by regions of 2 meJ^yl 
ribc.rc;eostdes OFigur. 5) (nl- "n- 
fciTcd to as a 'hybrid- oligonu deot.de. appears to be 
,he fu'st dinically significant second generauon oL- 
gonudeotide and is presently i. dinical u^s for^^e 
ireamient of cytomegalovirus u>iect:oa. In 
SsTyTrid oligonudcotide n^odLtotion is .sho^ to 
Ste oS^bioa^nbiliry 112]. a patented phenomenon 
A patent on hybrid oligonudeotide. a. a corn- 
position of matter was issued to the >x^orce5t« Foun- 
dauon for Biomedical Research, and exclusively 
licensed to Hybfidon U Ifl. 

Third generation badcbone modif>catioa. have been 
r^eloped as a result of cwo very distina -PP^" ^^^^ 
fast approach, observations from t.i« d^cal 

O^r by ^^"^'-^S 2'-0-substimted ri- 

codeoxynucleoudes [13]- A pa.cm 
thidi covers this dass of oUgonuclcoudes lll^l- 



i„B , ocw base proKcmg ? hack- 

these modified oligonudeoades 11161. 



These illustiaUons demonstrate that, backbone rhodifi- 
cation provides a powerful source of patent protecdon 
for amisense oUgonudeotides. This type of protection 
is especiallj' important because it appUes to any oli- 
eonudeotide having the proprietary backbone con- 
Luiatioo. irrespeedve of its nudeoside sequence or 
the disease it is designed to treat. Numerous other 
modified oligonucleotide backbones have beer, dc- 
saibed in the patent literature, although dinical devel- 
opment of such modifications has not yet been 
reported [91 (e.g. 117-1191. 

4. Patenting of oligonudeotide sequences 

^atentir^ of oUgonudeotide.s based upon their rtudeo- 
s-de sequence provides a separate and independent^ 
but complementary layer of patent P--^""^^"^^ 
patents inay be obtained based upon two different 
k:asors Broad nudeoside sequence patents tnay_be 
obuiined when the causal rdationship of egression 
of a particular gene, for ocample, with a paruoJar 
disease has not been established ar.d the patentee >s 
S L to prove that such a rebtionship exists. Ir. such 
Stations, patents may be obtain.ed for any ohgonu- 
d^tide which has a nudeotide sequence eomp lem^- 
Z the gene, provided that such oligonudeoude 
S^ibits the expr^sion of the gene. For example 
-.timers at Hybridon and Massachusetts Gen-J 
Hospiud demonstrated that ovcrcxprcss.on o bm 
^yV.id protein caused culmred neural ceUs to ^- 
Zlo morphological d^.anges similar to those ob^ 
tSciZZ braiL of Akheimer-s di.sease v,cums. and 
rtteatment of such altered cells --e«s<. 
oligonucleotides reversed sucn --P^;^°e;'=^^ 
chances A patent was issued jomtly to MGH and 
tSL. broadly daiming modeled oH^^^^<^^^ 
complementary to the beta amyloid gene U20]. Patents 
tvoe Jc of considerable value, becau.se they 
:L clvTa host of potenual chemical modiBcauons 
.s loT^ the oUgonudeotide targets the gene of 
iiiierest 



However, whether or not ie causal ^-^f°'^^P^^^^ 
^ ,o ; panicular disease is previously known or 

SdS" i>e S-dicub'Oity of whid. nudeoside 
Teq encT-ill pr^iuce the -ost effete -tis^- 
ol'gonudeotide. For '-^^^'^J^^^^l,'';^^ 
•ccM^d <;everal patents dajmmg a vanety oi p."^ 



prcn^avurity. .ge-rela-^cl macul-<ir deg^eraaon and n 
variety of me-ostadc cancer... >»hae tbs type of pro- 
xeaion covers only parricubrly active ohgonu- 
deocides. k is sull a cotnposition of miner patent, and 
^,us provlie., its protection regardless of the type of 
di^Lx^hich is to be treated. This canbe of pat^cul- 
for genes v--hich are impUcatec m rr^ubple 
disea-ses, such as VEGF. 

S. Patenting oligonucleotide drug ne>v 
chemical entities 



additional level of patent protecuon is available for 
Tp^cSar oLgonudeodde dn:g new d^enucal ent.ty 

L":Sch both L t>pe of ^^^-i-^^::;^t, 
:rcJo:rr=oT.t^r:is^^^^^ 

-^tscove^^n^c^^c^U^^^^ 

roarcSraT ~ -posiUon of .at^. 
oat^>?on new chemical cniities having th.se bad.- 
ron"-ciif.cations-^ddefinednudcob3sesequet.ces 

may be obuincd. 

6. Patenting new oUgonudcotidc 
formulations 



in the oligonucleoude. 

7.Putting it together: composition of matter 
patents 



The various and complementary layers of patent pro^ 
Thevanous ,,^deotides obviousty pro- 

teoioa for annsense "^^f"^ oUgonudeotide 
vide secure protecnot. for ^^^'^^'J^j ^,ent- 
1 p^irh Uvcr comprises an inoepc"""'"/ j 



ihc first-in-time protection for an antbense oUgoou- 
deotide drug. Once the nucleotide sequence of the 
drug has been optimised, however, diis can provide 
the basis for a later-fUcd patent apj,licat5onj and thus 
a patent whid. expires later. Similarly, when the 
perfect marriage bercveen nudeotidc sequence and 
backbone modification is subsequendy discovered, 
parent life c=n be lurtier extended. Finally, oiice the 
Lest formulation for the particular oligonudeonde 
drag is discovered, still funher ejacnsion of paten, 
protection becomes available. 

S eating oUg onudeoddema^ 

The unique nature of andsense oUgonudeoddes as 

drugs also provides opportunities for unusually strong 

manufacturing patents. Tnis is in pan. becaus^ u^^^^ 

the case for uaditional sr^all molecule ^^^"^^ 

n^anufacturing improvements for 

deotides are applicable lo a wide vanoy of dJferc^ 

antisensc oligonudeoUdc dr.gs. This advantage anses 

oncl^ain from the severabiHty of badcbor^e mod>ft- 

cadon and nudeoside sequence. 

Innovauon in mar.ufact.ring technology provides 

three prindple benefit: 

. it provides antisense oligonudeotides in ever purer 
form 

. i; drives down the cost of manufacturing oligonu- 
deoiides 

. it aUov.s new d.asses of antisense oUgonudeoddes 
to be created 

Each of th.ese bcncnts canbe crJ^anced through patent 
Each ° "^^^ nroteoion can include patents cover- 

Sd Plis^synthcsis prcxesses. deproteo^on cor^d.- 
lions and purification procedures. 

sequence. 

4-cnoyl ba^e protccung group allow:, ohgonuc 



■5^:^;^:^^^^^^^^^^ righu received. 
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2. 



,o be synthcslsed. and deproceaed rapidly und« 

^rent on these synthons I116I. In another example, 
Hse of ^new p.^v^.d or^^c soUd support for 

oliKonuclcoddc synthesis impioves the efficiency 

cosi for oliKonudeo-dde .-y"*-=^'-^- ^TJZ.^l 
,0. r.rocesse-! and sulfmismg reas«i'S axe UKuiy lo 

costs ^thout -.dlo^^^; i« cotnpeucors to uke un:. 

tiiorised advanugc of these benefits. 

r/.rKoolosr/ advances also open the 
Manufactunng tect^.ology advanced 

presenUy kno^n approaches. 
.fu.^.erbenefitprovidedbynanufa^^^^^ 

a,.^eyp.Wdepn,:^on^^— JVgonu- 
impormuon, use or sa^e o y 

united Sut<^ using ^'^^^'f^ZT^. of the 
prevents third parses ^.^^y to 

absence of a process patent "V^-^^^^ 

addition, K provides this protc 
composition of matter patent is obtained in 

Scales. 



ourity and develop new classes of compounds uMe 
simuUeousVyredudngcosis, without providingcom- 

pcDtors ^vidl the ability to exploit the new discovcncs 
^thotit authoHsation. Taken together, rdauvely few 
strateglcaUy imporunt parents are able to protca core 
'e^noloJanS promote mnovauon in tius exoting 
new field of antisense dn:g discoveiy. 
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